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PREFACEL 

The  Little  Engineer  has  no  apology  to  make. 
It  is  simply  a  compilation,  taken  for  the  most   part 
from  the  author's  private  note  books. 

It  is  intended  for  the  use  of  up  to-date  officials  and 
others,  who  can,  if  occasion  requires,  take  the  place  of 
any  subordinate,  run  the  boiler,  take  the  pump  apart. 
rig  the  derrick,  mix  the  moitar,  caulk  the  joint. 

Such  men  are,  to  a  greater  or  less  degree,  taniiliar 
with  the  scientific  principles  involved  in  their  woik.  ami 
the  Little  Engineer  does  not  attempt  to  go  into  detail 
in  this  direction.  In  fact  it  relates  little  they  did  not 
once  know,  but  may  for  the  moment  have  forgotten,  or 
could  find  out  if  g^ven  time  enough. 

It  simply  attempts  to  aid  in  giving  the  quick  and  pos- 
itive decisions  that  the  very  nature  of  tlieir  vol ai ion 
demands. 

It  gives  this  aid  in  tabulated  and  connected  form  and 
otherwise  in  a  manner  that  the  author  in  working  suk 
by  side  with  them  has  found  convenient  and  practical 
in  the  field,  office,  plant,  on  the  witness  stand  and 
elsewhere. 

Many  of  the  tables  are  and  much  of  the  data  is 
original  and  verified  by  costly  experiments.  For  other 
matter  contained,  not  common  property,  but  the  result 
of  tedious  labor  of  others,  due  credit  is  given. 

In  order  that  the  book  can  be  conveniently  carried  in 
an  ordinary  pocket,  the  "type  page"  is  3"  in  width  ;  tins 
has  prevented  uniformity  in  style  and  size  of  type  and 
necessitated  much  "setting  up"  and  subsequent  redne 
tion  of  tabular  and  other  matter 

Certain  problems  of  importance,  such  as  the  ilow  of 
v^  rivers,  etc.,  cannot  be  properly  answered  by  tai)i  Liied 
^  information.  In  such  cases,  reliable  formula,  exaui- 
^    pies,  etc. ,  are  given. 

j>  ** Rust"  will  get  on  in  spots — they  need  touching  lip. 
"  The  machine  may  stop  on  "dead  centre" -it  lueds  a 
^  push*.  For  these  reaaons  much  elementary  data  is  eon 
?_■  tained  that  will  at  least  assist,  if  it  is  not  found  suhi 
cient. 

]osv,vv\  \^.  \v\\  V\n 
Soatb  Norwalkf  Conn. 
June,  1901. 


ARITHMETICAL  AND  ALGEBRAICAL  SIGNS. 

=  The  sign  of  equality,  and  signifies,  is  equal  to,  or 
equals,  as  4  and  6  =  10. 

-\-  The  sign  of  addition,  and  signifies,  plus  or  and, 
as  4  4-  6  =  10. 

—  The  sign  of  subtraction,  and  signifies,  minus  or 
less,  as  10 — 4  =  6. 

X  The  sign  of  multiplication,  and  signifies,  niultii)Hc(l 
by,  as  10X4  =  40. 

-^  The  sign  of  division,  and  signifies,  divided  ])\ . 
as  40 -f- 4=  10;  or  written  \^  =  10,  and  read  40  divided 
by  4  equals  10. 

:  ::  :  The  sign  of  proportion;  :  signifies,  is  lo,  or 
to;  ::  signifies  so  is.  Thus  4  :  6  ::  8  :  12  signifies  lluit 
4  is  6  so  is  8  to  12. 

1/  The  sign  of  the  square  root  (termed  the  radieal 
sign),  as  y'  16  =  4. 

^  The  sign  of  the  cube  root,  as  ^64  =  4  reads  Die 
cube  root  of  64  equals  4.  Likewise  the  4th,  5lh  01  any 
other  root  can  be  expressed  by  placing  the  nnni])ei 
corresponding  as  the  figure  3  is  above  placed.     . 

52  signifies  that  5  is  to  be  squared,  as  52=  25.  Tlie 
small  figure  2  is  termed  the  index  or  exponent. 

5**  signifies  that  5  is  to  be  cubed,  as  5'=  125,  and 
reads  5  cubed  equals  125.  Likewise  any  other  pow  ei 
of  a  number  can  be  indicated  by  placing  the  nund)er 
corresponding  as  the  small  figure  2  or  3  is  above  placed. 
A  vinculum  placed  over  two  or  more  figures, 
thus  6 -}- 2  signifies  that  they  are  to  be  taken  as  one 
quality.  Thus,  64-2X4  =  32  signifies  that  (>  plus  2 
multiplied  by  4  equals  32,  and  1/5^—3^  =  4  signifies 
that  5  squared,  minus  3  squared,  and  the  square  root  of 
the  remainder  equals  4. 

(24  X  6  4- 12  X  3)  X  4 

=  60  signifies  that  24  multii)lied  by 

6,  and  12  multiplied  by  3,  added  together,  multiplied  by' 
4  and  divided  by  12  equals  60. 

[  ]  or  0  Brackets  or  Parenthesis.  12  —  [3  -|-  (4X2)  ]=r-i , 
signifies  that  the  product  of  4  multiplied  b^f  1,  •A.vV'.Vvid 
to  J,  and  the  total  taken  from  12  leaves  1. 


[*,  is  used  to  signify  the  word  therefore. 

I*  is  used  to  sigQify  the  word  because,  or  since. 

^  is  used  to  sigutfy   the  words*  less   than,    an  «:1     ^^j 

ped   the  Ri^n   of  inequality.      It  signifies  that        the  J 

jality  placed  before  it  i*;  less  than  that  placed  aftejt-  it.  ^ 

jThns  13  <^  i6  reads  12  is  less  than  16. 

^  is  used  to  signify  the  words  greater  than.     'Pltu^  | 

^12  reads  16  jh  greater  than  12. 

p  Sign  of  degreesJt  as  62'^ — read  sixty-two  degrees*. 

I  Sign  of  minutes,  as  52'— I'ead  fifty-two  minute!^* 

!  Sign  of  seconds  J  14" — read  fourteen  seconds. 

*  Sign  of  feet,  as  6' — read  six  feet. 

*  Sign  of  inches  as  9* — read  nine  inches. 

tThe  greek  letter  pie  signifies  the  ratio  of  the  circixni'' 
nee  of  a  circle  to  its  diameter  and  is  equal  to  3. 141^ 
ifeet, 

I  The  dedmal  point,  as  r2-6  feet — read  twelve  and  sis 
iths  feet — as  12,63  feet^  read  twelve  and  sixty  three 
tidredths  feet, 

3]  Is  used  in  place  ef  the  word  square. 
{\  Is  used  in  place  of  the  word  triangle, 
t  Is  used  tn  place  of  words  plus  and  minus. 
H-  Sign  of  geouietrical  praporliou. 
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MULTIPUCATION* 
Sliort  Methods. 

To  Multiply  Any  Number  From  io  to  99 
Inclusive  by  ii. 
If  the  sum  of  the  figures  or  digits  composing  the 
number  is  less  than  10,  add  them  and  place  the  sum 
between  the  digits  or  figures  of  the  number. 
Example. — Multiply  26  by  11. 
The  sum  of  the  two  figures  2  and  6  is  8. 
Placing  8  between  the  two  figures  of  the  numl^er  we 
have  2-8-6  or  286  as  the  product  of  26  by  11. 

U  the  sum  of  the  digits  or  figures  composing  the 
number  is  10  or  more,  write  down  the  right  hand  figure 
of  the  number  to  be  multiplied  by  11,  next  to  it  on  the 
left  place  the  right  hand  figure  of  the  sum  of  the.  two 
digits  composing  the  number,  and  next  left,  place  the 
sum  of  I  plus  the  left  hand  figure  of  the  number  to  ])e 
multiplied  by  11  and  the  figures  thus  placed  will  be  the 
product  required. 
Example. — Multiply  57  by  11. 
Right  hand  figure,  7 

Right  hand  figure  of  sum  of  digits,  2 

Left  hand  figure  plus  i,  6 

.  •.  we  have  627  as  the  product  of  57  by  11. 

To  Multiply  Any  Number  by  ii. 
Rule. — Write  the  first  right  hand  figure,  add  the  first 
and  second,  place  the  sum  to  the  left,  add  the  second 
and  third,  place  the  sum  next  to  the  left  and  so  on, 
and  finally  write  the  left  hand  figure  of  the  number 
carrying  as  usual  when  sum  is  over  g. 
Example. — Multiply  58942  by  11. 

Right  hand  figure,  2 

ist  -f  2d  figure,  6 

2d  +  3d  figure,  (carrying  i,)  3 

3d  +  4th  -|-  I  carried,  (carrying  i,)  8 

4th  -\-  5th  -f-  I  carried,  (carrying  i,)  4 

Left  hand  figure  -j-  i  carried,  6 

.  •.  we  have  648362  as  the  product  oi  s?>9^2\:)\  \^ . 


To  Multiply  by  Any  Number  of  Two  Figures 
Ending  in  i. 

Write  as  the  first  figure  of  the  product  the  right  ha 
figure  of  the  multiplicand  (number  multiplied).  Mu 
ply  each  figure  of  the  multiplicand  by  the  left  ha 
figure  of  the  multiplier  and  at  the  same  time  a 
mentally  to  each  product,  the  figure  to  the  left  of  t 
one  multiplied,  carrying  as  usual. 
Example. — Multiply  246  by  51. 

Right  hand  figuie  of  number,  6 

(5  >^  6)  -f  4  ^  34.     Write  4  and  carry  3,  4 

(5X4)4-3,  car'd,  +  2  =  25.  Write  5, carry  2,  5 
(5  X  2)  -[-  2,  car'd,  -f  o  (no  left  hand  fig.,)  =»=  12 
.-.  we  have  12,546  as  the  product  of  246  by  51. 

To  Multiply  by  Any  Number  Between  12  and  20 

Rule. — Multiply   by   the  right   hand    figure   of   t 
multiplier  and  write  the  product  under  the  mutiplica 
one  place  to  the  right  and  add. 
Example. — Multiply  272  by  18. 
Writing  down  the  number  we  have  272 

Multiplying  mentally  by  8  and  placing  pro- 
duct one  figure  or  place  to  the  right  we  have  2,  i76 
And  we  have  for  the  product;  ,  4,896 

To  Multiply  by  Any  Number  Ending  in  9. 

Rule. — Multiply  by  one  more  than  the  given  mu 
plier  and  from  the  result  subtract  the  multiplicand 
the  number  multiplied. 
Example. — Multiply  476  by  99. 

476  by  too  =  47,600 

Number  multiplied,  476 

Subtracting  we  have,  47,124 

To  Multiply  by  Any  Multiple  ok  9  Less  Than  90 

Rule. — Multiply  by  the  multiple  of   10  next   higl 
than  the  given  multiplier  and  from  the  result  subtr; 
one  tenth  of  itself. 
Example. — Multiply  263  by  54, 

263  by  60,  (mentally)  =  15,780 

/„-  of  result,  (move  one  place  to  right,)         1,578 
Subtracting  we  have,  14,202 

as  the  product  of  263  by  54. 


RtTLE.— Add  two  ciphers  and  divide  the  result  by  4, 
or  (lividt  the  number  by  4;  and  add  tt>o  ciphers.  If  there 
is  a  remainder  of  t  add  25,  of  2  add  50,  of  3  add  75.  ^^t^* 

^^fco Multiply  Any  NuMHiiR  Ending  in  5  Between 
^^  15  AND  gs  Inclusivk  by  Itself. 

RtrLK.— Write  down  for  tight  hand  figures,  25.    Mnlti-i 
ply  left  hand  fi^^re  of  nnniber  by  next  highest  digit 
ExAMi'LE. — 35  by  35* 
Write  down  25 

3,  left  hand  fignre,  by  4  ^  12 

^       We  have  for  the  product,  iS25» 

^B  To  Multiply  by  50. 

RtTLE.— Add  two  ciphers  to  the  ntiraber  and  divide  ^fi 
2,  mentally. 

To  MULTIJ^LV  BY   gV  OR  TO  DIVIDE  BY  25. 

Multiply  by  4  and  cut  off  two  figures  from  the  right 
of  tile  result,  or  more  accurately  place  decimal  point 
between  zd  and  3d  figurciii  of  the  result  counting  from 
the  right  J 

Multiplication  Tabi-e  to  25  x  25* 
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Apothecaries  Weight. 

The  grain,  ounce  and  pound  used  in  Apothecaries 
weight  are  equal  to  those  of  Troy  weight,  the  grain 
being  used  collectively  as  follows : 

Table  No.  3. 

20  grains     «=  i  scruple. 

3  scruples    =»  i  dram     —  6o  grains. 

8  drams       =  i  ounce  —  24  scruples  =»  480  grains. 

12  ounces     ^  i  pound  =»  96  drams= 

288  scruples  —  5,760  grains. 

For  Apothecaries  Fluid  Measure,  See  Table  No.  37. 
Commercial  or  AvoiRDUPokis  Weight.  (U.  S.  &  Brit.) 

The  Commercial  Pound  or  Pound  Avoirdupois,  which 
is  the  pound  in  common  or  commercial  use  is  equal  to 
the  weight  of  27.68122  cubic  inches  of  pure  distilled 
water  at  its  maximum  density  (about  39.  20Fahr.)  when 
weighed  at  sea  level  in  the  latitude  of  London  with 
barometer  at  30". 

It  is  equal  to  the  weight  of  one-tenth  of  an  Imperial 
Gallon  of  pure  distilled  water  under  above  conditions 
of  temperature,  latitude  and  barometer  or  to  7000  grains 
Troy.  For  weighing  all  commodities  except  gold, 
silver,  precious  stones  and  drugs  or  medicines  in  small 
quantities,  the  following  Table  is  in  general  use  in  the 
United  States  and  Great  Britian. 

Table  No.  4. 

27.34375  grains  =  i  dram. 
16  drams     =  i  ounce  —  43 7>^  grains. 
16  ounces     =—  1  pound  — «  7000  grains. 
100  pounds  ^  I  hundredweight  (cwt.)  .United  States. 
20  cwt.         ^  I  short  ton  — «  2000  pounds. 

In  collecting  duties  upon  foreign  goods  at  United 
States  Custom  houses,  freighting  coal  and  selling  it  by 
wholesale,  in  buying  cast  iron  pipe  from  some  manu- 
facturers, the  Long  Ton  or  2240  pounds  is  used  and  is 
divided  as  follows: 

Table  No.  5. 

14  pounds  =»  I  stone. 

2  stone  =  I  quarter. 

4  quarters  =  i  hundredweight. 

20  hundredweight  =»  i  long  ton. 

I  quintal  =-  100  pounds. 

II 
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Table  No.  6* 

Reduction  Table  With  Equivalents  in  Grams. 
27.34376  gfrains  equals,  1  dram. 


Qrs. 
.000189  = 


Drams.   Ozs.    Lbs. 

1  -  .0825  =  .0089  _ 

16  -    1  -  .0825  = 

258  -,   16  =-    1  =  .0357  = 

7168  -   448  -   28  =  1    =- 

28672  -  1792  =  112  =  4    = 

673440  =.  35840  -  2240  -  80   - 


Fr. 

Cwts.  Gross  Ton.  Grj 
.000035  =  .00000174  =  1.7 
M00558  =  .000028  =  28.; 
.0089J  =>  .000447  =  453 
.25         =  .0125  -  127 

1  =-  .05  =  508 

20.  =1  =  101 


The  grain  is  the   same  in  Troy,  Apothecaries 
Commercial  weights. 

For  Foreign  Weights  and  Measures  frequently  u 
in  commercial  relations  with  United  States  equivale 
see  Tables  No.  42  and  43. 

Table  No.  7. 
Reduction  Table. — Ounces  to  a  Decimal  of  a  Pou 


Ozs. 

H   = 
H   =■ 

1  « 

2  =- 

2M  - 


Lbs. 

.015625 

.03125 

.046875 

.0625 

.09375 

.125 

.15825 


Ozs.  Lbs. 

3  -  .1875 
B%  -  .21875 

4  -  .25 
i%  -  .2813 

5  -  .3125 
5%  -  .3438 

6  «  .375 


Ozs.   Lbs. 


6K  = 

7  = 

7%  - 
8 

8>^  - 

9  ^ 
10 


.4063 

.4376 

.4688 

.5 

.5313 

.5625 


Ozs. 
11 
12 
13 
14 
15 
16 


=  1 


Table  No.  8. 


Multipliers  for  Facilitating  Calculations. 


deposited  in  the  Palais  des  Archives  as  the  unit  of 
weight  of  the  Metric  System. 

It  was  supposed  to  be  just  equal  to  the  weight  of  a 
cubic  decimeter  of  pure  distilled  water  at  its  maximum 
density  in  vauco  at  sea  level  in  the  latitude  of  Paris 
with  barometer  at  29.922O.  It  is  not  actually  equal 
to  it 

One  Kilogram  is  equal  to  2.2046  Commercial  pounds 
or  2.679  Troy  pounds. 

For  convenience  the  Kilogram  is  divided  into  1000 
parts  called  Grams  and  these  again  into  1000  parts 
called  Milligrams.  With  Milligrams  as  a  base  the 
following  table  has  been  arranged  for  use  in  weighing 
similar  commodites  to  those  weighed  by  Commercial 
weight,  and  called 

Table  No*  9* 

Table  of  Metric  Measures  of  Weight. 

10  milligrams  — =  i  centigram. 

10  centigrams  =—  i  decigram. 

10  decigrams    =  i  gram. 

10  grams  —  i  decagram. 

10  decagrams  =  i  hectogram. 
10  hectograms  =  i  kilograrh  =» 

1,000  grams —1, 000,000  milligrams. 
10  kilograms      =  i  myriagram. 
10  myriagrams  =»   i  French  quintal.* 
10  quintaux  (quintals)  =  i  Tonnea  (tonne)  or  millier. 


Table  No.  JO. 

Table  of  Equivalents. 

Metric  or  French        Commercial  or  Avoirdupois  Weight, 
Weight.  United  States  and  British. 

Grains.    Ounces.    Pounds.    Tons. 

1  Milligram  =         .0154 

1  Centigram  -=         .1543  .0003 

1  Decigram  =-       1.5432  .0035 

1  Gram  t  =      15.4323  .0352 

1  Decagram  =    154.8234  .3527 

1  Hectogram  =  1543.2348        3.5273 

1  Kilogram  -15482.3487      35.2736 

1  Myriagram  -  352.736 

1  Quintal*  =  3527.36 

1  Tonnea  or  Milier  -  35273.6 


Tons 


.0002 
.0022 


2.2046 
22.046 
220.46 
2204.6 


.0001 
.0011 
.011 
.1102 
1.102:3 


t  United  States  Standard  =  15.432  grains.    One  5  cent  n 
5  grams,  by  law. 
*One  Commercial  or  Avoirdupois  quintal  =-  \Wi  \>a^ 
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.(X)(XW8 
.00008 
.(K1984 
.00842 
.9842 
ickcl  = 


Table  No.  JOA* 

Table  of  Equivalents: 


Metric  or  French  Weight. 

1  Milligram  = 

1  Centigram  = 

1  Decigram  = 

1  Gram  = 

1  Decagram  = 

1  Hectogram  — 

1  Kilogram  -- 


Troy  Weight,  U.  S.  and  British. 
Dwts.  Ounces.  Pounds. 
.00064  .00003 

.00643  .0003 

.0643 
.643 
6.43 
64.3 
643.0 


.03215 
.3215 
3.215 
32.15 


^679 


Table  No.  n. 


Table  of  Equivalents. 


U.  S.  and  British. 

Grain 

Dwt. 

Dram 

Ounce, 

Ounce, 


Metric  or  French. 
.064799  Grams. 

1.555 


Troy- 
Commercial 

Pound,  Commercial 

Pound,  Troy 

Pound,  Commercial 

Pound  Troy 

Cwt.(ii2lbs.) 

Gross  Ton 

Short  Ton 

Cross  Ton 

Short  Ton 


=      I. 771846 

=    31-1035  ** 

=    28.3496 

=  453.59 

=  373.226  ** 

=        .4536      Kilogram. 

=        .3732 

=    50.8 

=1016.06  *• 

=  907.2  ** 

=      T.oi6  Tonneau  or  Metric  Ton. 

=«         .9072        ♦'         ♦♦       " 

Approximate  Equivalents. 

I  gram        ==  i5>^  grains. 
I  kilogram  =  2j^  pounds. 
I  tonnea     =  2200  pounds. 
For  Foreign  Weights  and  Measures  frequently  used  in 
commercial  relations  with  United  States  Equivalents, 
see  Tables  42  and  43. 

Note. — In  this  work  British  measures  of  length  are 
considered  equal  to  United  States  measures.  The 
British  are  shorter  by  one  part  in  17230  or  3.677  inches 
per  mile. 
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i  in  the  Palais  des  Archives  as  the  unit  of 
f  the  Metric  System. 

supposed  to  be  just  equal  to  the  weight  of  a 
imeter  of  pure  distilled  water  at  its  maximum 
n  vauco  at  sea  level  in  the  latitude  of  Paris 
•ometer  at  29.922O.     It  is  not  actually  equal 

ilogram  is  equal  to  2.2046  Commercial  pounds 
Troy  pounds. 

nvenience  the  Kilogram  is  divided  into  1000 
led  Grams  and  these  again  into  1000  parts 
lUigrams.  With  Milligrams  as  a  base  the 
:  table  has  been  arranged  for  use  in  weighing 
ommodites  to  those  weighed  by  Commercial 
ind  called 

Tabk  No*  9. 

?ABLE  OF  Metric  Measures  of  Weight. 

rams  — «  i  centigram. 
;rams  —  i  decigram, 
ams    =—  I  gram, 
i  —  I  decagram, 

rams  —  i  hectogram, 
jrams  —  i  kilograni  = 

1,000  grams  =1,000,000  milligrams, 
ams      —  I  myriagram. 
grams  —  i  French  quintal.* 
mz  (quintals) «—  i  Tonnea  (tonne)  or  millier. 

Table  No,  JO. 

rXBLK  OF  EiJUIVALENTS. 

ComineTcial  or  Avoirdupois  Weight, 

United  States  and  British.  Gross 

Graing.    Otinces.   Pounds.    Tons.    Tons. 

Mm 

.15*3 

-    i^^am 


.0008 

.0086         .0002 

jOStt         .0022 

jm         .022 

tuns         .2204       .0001 

.000096 

Wm       2.2046       .0011 

.00096 

786       28.046        .011 

.00984 

fJS      220.46          .1102 

.09842 

1.6       8804.6          1.1023 

.9642 

V  grains.    One  5  cent  nickel  - 

quintal » 100  \b&. 

Table  No.  H. 

Lineal  or  Long  Measure.    (Metric  or  Frecnh  System.) 


United  States  or  British  Equivalents 
Inches.      Feet.     Yards.     Miles. 


Metric  or  French. 


1  millimeter    -  .08fl87 
10  millimeters  —  1  centimeter  =  .39370428 
10  centimeters  —  1  decimeter     -=  3.93704 
10  decimeters   =1  meter  -39.370428  3.2806 

10  meters  -=1  decameter   =393.70428  32.8086 

10  decameters  -  1  hectometer  =  3937.042     32C;086 
10  hectometers"  1  kilometer     =  39370.42     3280.86 
10  kilometers   -1  my riameter= 393704.2     82808.6 
Hectometer,  Kilometer  and  Myriameter  are  road  measures. 
Approximate  Equivalents. 

I  millimeter  =  -j^g  of  an  inch. 
1  centimeter  =  ^  of  an  inch. 
I  meter         =»  3  feet,  3  ^  inches. 


1.0986 
10.93623 

109.8623  .0621375 
1098.623  .621375 
10986.23  6.21375 


Table  No.  IS. 
Decimal  Equivalents  of  Fractions  of  a  Lineal  Inch. 


Sthf. 

i  — .125 
f-.25 

i  — .375 
t  — .625 

f-.75 
i-.875 

i6ths. 

A-  —  .0625 
A -.1875 
■h  =  -3125 
A-  =  .4375 
-A  — .5625 
f  I -.6875 

ii-.8i25 

15  —  .9375 

aandf. 

^h  —  03125 
A-  —  .09375 
A  — .15625 
5^-  — .21875 


-3%- =  .28125 
H  =  .34375 
if  =  .40625 
ii  —  .46875 
H  =  .53125 
it  =  .59375 
H  =  .65625 
J|  =  . 71875 
If  =  .78125 
Si  =  .84375 
SI  =  .90625 

f  i  =  .96875 


64th8. 

«V  =  .015625 
A  =  .046875 
A-=  .078125 
A- =  .109375 
-«\  =  .140625 

Ji  =  .171875 
if  =  .203125 
4J  —  . 234375- 
4i  —  .265625 

16 


IJ- 
li- 
U- 

aa  _ 

H- 
ii- 
U- 
ii- 
if- 

64  ■" 

A3  «. 
64 

a- 
a- 

a- 

a- 
ti  = 

?j  = 
a- 


.296875 
.328125 

.359375 
.390625 

.421875 
.453125 
.484375 
.515625 

.546875 
.578125 
.609375 
.040625 
.671875 
.703125 
.734375 
.765625 
.796875 
.828125 

.859375 
.  890625 
.921875 
•953125 
.984375 


TableNo.)6. 

Lineal 

Inches  and   Parts 

OF    AN 

Inch,  Reduced  to 

Decimal  Fractions 

1  OF  A  Lineal  Foot. 

Lineal 

Lineal 

Lineal 

Lineal 

Lineal 

Lineal 

Inches. 

Foot. 

Inches. 

Foot. 

Inches. 

Foot. 

.001302083 

Il 

.15625 

6i 

.5416 

.00260416 

2 

.1666 

6i 

.5625 

.0052083 

2i 

.177083 

7 

.5833 

.010416 

2i 

.1875 

71 

,60416 

.015625 

2j 

.197916 

7t 

.625 

.02085 

2i 

.2083 

7i 

.64583 

.0260416 

2i 

.21875 

8 

.66666 

.03125 

2} 

.22916 

8i 

.6875 

.0364583 

2l 

.239583 

H 

.7083 

.04166 

3 

.25 

8i 

.72916 

.046875 

31 

.27083 

9 

.75 

.052083 

3i 

.2916 

9i 

.77083 

.0572916 

3} 

.3125 

Qi 

.7916 

.0625 

4 

.33333 

9} 

.8125 

.0677083 

4l 

.35416 

10 

.83333 

.072916 

4i 

.375 

lot 

.85416 

.078125 

4} 

.39583 

lOi 

.875 

.0833 

5 

.4166 

I0| 

.89583 

•09375 

5t 

.4375 

II 

.9166 

.10416 

5i 

.4583 

Hi 

.9375 

•I14583 

5} 

.47916 

Hi 

.9583 

.125 

6 

.5 

113 

.97916 

l| 
l} 

.135416 

.14583 

6i 

.52083 

12 

1.000 

To  reduce  Lineal  inches  etc.  to  decimal  fractions  of  a 
Lineal  yard — divide  any  decimal  correspondmg  as 
above  given  by  3. 

Table  No.  J?; 

Surveyor's  Measure. 
7.92  inches  «=  i  link. 
100.      links    =  I  chain  (Gunthers). 
80.      chains  =»  i  mile  (statute  or  land  mile.) 

The  above  table  is  sometimes  used  by  "Country 
Surveyor^"  in  tracing  out  old  land  lines,  but  is 
)ractically  obselete  and  not  used  at  all  in  the  modern 
iractice  of  the  civil  engineer. 

Civil  engineers  divide  the  foot  decimaWy  aw^  m?>^  ^ 
to  foot  chain. 
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fwf'Uihn,  Uii  the  rule  i*  trxif^-ale  ±  izim  iaEvesv  «?Tiaxr 

TaUeNouM. 

k^f^rrn/'M  Ta»jkk   with  E*'ir.c^-.\x«>TT   :3    uhb: 


/rt^hA«« 

hUik^. 

>'i««>t. 

Yard*. 

CbaftLi. 

Xile*. 

Met 

f 

m 

,««W        ,r«7» 

JHOtW 

.iWIWUlf 

/.<« 

i 

m 

.Z'i 

iM 

JMNtS 

H 

i.Mfi 

\ 

,;»$ 

MSa 

Jll|l»!<» 

.y. 

iMff 

«. 

1. 

/>&» 

.HlMGi» 

rtf. 

m 

w. 

22. 

L 

-♦C5 

» 

^mf/f. 

mm 

r(«w>. 

iy«i. 
Tabic  No< 

I 

I«l». 

(  ftf(  f  »  AJ'  Ok  ANr;i;i.AK  Mea.>c'r.e- 

ffft  ^U'('HUt)^  (" )   — I  minute.  (') 

;f.ff  ^]t'lfn^^'ii        —  f  circumference.    *C> 
Thi'.  Knot. 
A  ri.'TTiff/-,'rf,  i(''OirfMphir{il  or  sca  mile  is  called  a  K 
,'irr'l  'tf  f.;  f}it'  |/.ffirMi  of  otip  iiijnutc  of  longitude,  latiti 


Table  No.  22. 

Lengths  of  a  Degree  of  Longitude  in  Differ k.m 
Latitudes  at  Sea  Level. 
Deg.of  Statute  Deg.of  Statute  Deg.of  Statute  Deg.of  Statute 


Ut. 

Miles. 

Lat. 

Miles. 

Lat. 

Miles. 

Lat. 

Miles. 

o 

69.16 

.  20 

65.02 

40 

53.05 

60 

34-67 

2 

69.12 

22 

64.15 

42 

51.47 

62 

32.55 

4 

68.99 

24 

63.21 

44 

49.83 

64 

30-4 

6 

68.78 

26 

62.2 

46 

48.12 

66 

28.21 

8 

68.49 

28 

61. II 

48 

46.36 

68 

25.98 

10 

68.12 

30 

59.94 

50 

44.54 

70 

23.72 

12 

67.66 

32 

58.7 

52 

42.67 

7-2 

21.43 

14 

67.12 

34 

57.39 

54 

40.74 

74 

19.  T  2 

16 

60. 5 

36 

56.01 

56 

38.76 

76 

16.78 

i8 

65.8 

38 

54.56 

.58  . 

.36-74 

78 

14.42 

The  above  are  onjy  very  close  approximations  as  the 
exact  shape  of  the  earth  is  .not  known.  Other  lengths 
than  those  above  given  can  be  found  by  simple  projjor- 
tion.  One  degree  of  longitude  corresponds  to  four 
minutes  of  clock  time.  One  minute  of  longitude  to 
four  seconds  of  clock  time. 

Table  No.  23. 

Foreign  Measures  of  Length   Frequently  Uskd    in 
Commercial  Relations  with  Their  Unitkd 
States  Equivalents. 
(Also  see  Table  No.  4.3.) 


C)eDomination. 
Arshine, 

Where  Used. 
Russia, 

U.  S.  Eq 

28. 

Liivalent. 
inclies. 

Bu. 

Chih, 

Japan, 
China, 

.1 
14. 

inch, 
inches. 

^'uadra, 

Ken, 

Li, 

Paraguay, 

Japan, 

China, 

78.9 

6. 
2.  II 5 

yards. 

feet. 

feet. 

Mil, 

Denmark, 

4.68 

miles. 

Mil,  (geographical), Denmark, 

4.61 

miles. 

Milla, 

Nicaragua  and  \ 
Honduras,      j 

1. 1493 

miles. 

Pic. 
Pie. 
Pie, 
Pik. 
Sagen, 

Egypt,                          21.25 
Argentine  Rep.,            .9478 
Castile,  (Madrid,Spain)     .9140'; 
Turkey,                        27.9 
Russia,                          T. 

inches, 
foot, 
foot, 
inches. 

(Table  continued  on  next  page.^ 
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TaUeNo.23.    (Continued.) 

tion. 

Where  Used. 

U.  S.Uquivam   -«nt. 

Shuku. 

JapMl, 

11.9305 

iiL 

.^hes. 

Sun. 

JapMi, 

1. 193 

«• 

Isim. 

China, 

I.41 

(t 

V^r;!. 

Argentine  Republic, 

34.1208 

•• 

^^ 

Castile.  (Madrid,  Spain) 

.91411 

:7ya 

^rd. 

^^ 

Central  America, 

32.87 

in. 

^hes. 

*^ 

Chile  and  Peru. 

33.367 

" 

Cuba, 

33.384 

" 

■^ 

Curacao, 

33.375 

" 

Mexivxk. 

33. 

'* 

^ 

Paraguay. 

34. 

'* 

^ 

Venezuela. 

33.384 

*• 

Vvivi, 

Russia, 

.663 

xnile. 

TafakN<k2i. 

Square  or  L.and  Measure. 
U4  square  inches  =  t  sqtiare  foot,  (sq.  ft) 
i»Ki  siquare  feet      =  1  square* 
Q  square  feet  =  t  square  yard,  (sq.yd. } 

30  %  square  yanis  =  i  square  rod, 
40  square  TTods        -.-  i  rood. 
4  hmkIs  =^  I  acre, 

640  acres  ^  1  square  mile. 

h  section  of   land  is  one   mile   square  or  27,878,^^ 
il|l1firc^  feet.  =  3,oQ7,6oo  square  yards  or  640  acres* 


I  square  acre  is  208.71  feet  square  or  on  a  side. 
I  square  yi  acre  is  147.581  feet  square  or  on  a  side. 
I  square  ^  acre  is  104.355  feet  square  or  on  a  side. 

I  circular  acre  is  235.504  feet  in  diameter. 

I  circular  yi  acre  is  166. 527  feet  in  diameter. 

I  circular  »^  acre  is  117.752  feet  in  diameter. 

I  square  foot  =  183.346  circular  inches. 

I  square  inch,  =  1.27324  circular  inches. 

I  circular  inch  =  .005454  square  foot. 

I  circular  inch  =  .7854  square  inch  =  a 

circle  i  inch  in  diameter. 

Square  feet  X  2.3  =  square  links. 

Square  links  X  .4356  =  square  feet. 

Square  miles  X  2. 59  ^  square  kilometers. 

Table  No.  26* 

Square  or  Land  Measure.  (Metric  or  French  System.) 

Metric  or  French. 


The  unit  = 
100  square  millimeters    — 

100       "  centimeters    =- 

100       "  decimeters   I 

10,000       "  centimeters  f  " 

100       "  meters             -= 

100       "  decameters     — 

100       "  hectometers  = 

100       "  kilometers      = 


square  millimeter. 
"  centimeter. 
*'      decimeter. 


'      meter,  (centiare). 

'      decameter,  (are), 
hectare,  (square  hectometer). 
L  square  kilometer. 
'      myriameter. 
United  States  or  British  Equivalents. 
Square  Square    Square  a__^„  Square 
Inches.     Feet.       Yards,  -^^res.  ^ii^s. 

1  sq.  millimeter  -.00156  .00001076  .0000012 

Uq.  centimeter  ==.156003  .00107641  .0001196 

Uq.  decimeter  -15.50^3  .107641  .01196 

1  sq.  meter,  (centiare)  -1550.03  10.7641  1.196         .000247 

I  sq.  decameter,  (are)  =155003.  1076.41  119.6011    .024711 

1  hectare  (sq.hectom't'r)=  107641.  11960.1      2.4711 

1  sq.  kilometer  -  10764101.  1196011.    247.11  .386109 

1  sq.  myriameter  =  24711.  38.(5109 

In  France  the  ''are"  or  square  decameter  is  the  unit 
of  square  or  land  measure  and  the  following  table 
is  used: 

Table  No*  27* 

I  milliare=  yi^foth  of  a  square  decameter. 
I  centiare^  iJiyth  of  a  square  decameter. 
I  deciare  =  -/gth  of  a  square  decameter. 
I  are  =  i  square  decameter. 

I  decare   =10  ares  or  square  decameters. 
I  hectare  =  100  ares  or  square  decatti^\.et?». 
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jr>:» 

?«.t 

.«f4fHl3 

^^■il 

t^f^r/. 

V^ 

«i*e 

73. 

.«»(«. 

m. 

/^jsjjjjaJtt 

jsr. 

r^zsr. 

7ji_ 

-5. 

112. 

j#ftii^? 

;». 

.-it*^ 

rsL 

.ariflM 

::s. 

'/ii^;vi 

^•5. 

J££f'i*j 

71. 

-SI**- 

n*. 

V.{,V, 

;5;. 

■sy,\'. 

:-x 

.!«♦« 

:i,\ 

•/A-^J.^* 

;i'. 

.'if^.C. 

7^-. 

.3S7: 

IK*. 

7.W:. 

>i 

.'£, 

77. 

-SMri 

::7- 

,'//;¥>•;; 

^. 

'£*1fi^ 

>. 

.5I3«« 

ii'^ 

nfif. 

V 

.■^■^1r*- 

7t*. 

.5wn 

\\^ 

:sr>4  ■4. 

;>:» 

T,'*^'. 

«•». 

.5&5a5 

i*». 

'//.•r. 

'f^ 

.'^•TTi 

M. 

,.y«49 

m. 

'/Z'//^'  4 

i; 

■^-M'Z 

.,.) 

.3eSi44 

12* 

7//^ii 

j^ 

zr.^y. 

•ct 

.5715*^ 
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Table  No.  29. 

Decimal  Fractions  of  a  Square  Foot  in  Square  Inches. 


q.Ft.  Sq.  In. 

Sq.  Ft. 

Sq.  In. 

Sq.  Ft 

Sq.  In. 

Sq.Pt. 

Sq.  In. 

►I 

1.44 

.26 

37.4 

.51 

73.4 

.76 

109.4 

►2 

2.88 

.27 

38.9 

.52 

74.9 

■  77 

IIO.9 

3 

4.32 

.28 

40.3 

.53 

76.3 

.78 

112. 3 

'4 

5.76 

.29 

41.8 

.54 

77.8 

■79 

II3.8 

'5 

7.2 

•3 

43.2 

.55 

79.2 

.8 

115.2 

6 

8.64 

.31 

44.6 

.56 

80.6 

.81. 

I16.6 

7 

10. 1 

.32 

46.1 

.57 

82.1 

.82 

I18.I 

.8 

11.5 

.33 

47.5 

.58 

83.5 

.83 

II9.S 

<) 

13. 

.34 

49. 

.59 

85. 

.84 

121. 

14.4 

.35 

50.4 

.6 

86.4 

.85 

122.4 

I 

15.8 

.36 

51.8 

.61  . 

87.8 

.86 

123.8 

2 

17.3 

.37 

53-3 

.62 

89.3 

.87 

125.3 

3 

18.7 

.38 

54.7 

.63 

90.7 

.88 

'  126.7 

4 

20.2 

.39 

56.2 

.64 

92.2 

.89 

128.2 

5 

21.6 

.4 

57.6 

.65 

93.6 

■9 

129.6 

6 

23. 

.41 

58. 

.66 

95. 

.91 

131. 

7 

24.5 

.42 

60.5 

.67 

96.5 

.92 

.132.5 

8 

25.9 

■43 

61.9 

.68 

97.9 

•93 

133.9 

9 

27.4 

.44 

63.4 

.69 

99-4 

•94 

135.4 

28.8 

.45 

64.8 

.7 

100.8 

.95 

136.8 

1 

30.2 

.46 

66.2 

.71 

102.2 

.96 

138.2 

2 

31.7 

.47 

67.7 

.72 

103.7 

.97 

139.7 

i 

33-1 

.48 

6g.i 

.73 

105. 1 

.98 

141.  I 

4 

34.6 

.49 

70.6 

.74 

106.6 

.99 

142.6 

5 

36. 

•5 

72. 

.75 

108. 

I. 

144. 

Tabic  No.  30. 

OREKJN  Square  or  Land  Measures  Frequently  Uski 
IN  Commercial  Relations  with  Their 
United  States  Uquivalents. 


rshine,(sq.)  Russia, 

5-44 

sq.  feet. 

3UW, 

Sumatra, 

7096. 5 

.sq.  meters. 

:iadra, 

Argentine  Rep. 

4-2 

acres. 

" 

Paraguay,  (sq.) 

8.077 

sq.  feet. 

" 

Uruguay, 

2. 

acres.  Cnearlv) 

essiatine 

Russia, 

2.6997 

acres. 

iddan, 

Egypt, 

1.03 

" 

ch, 

Austria-Hungary, 

T..422 

" 

Jague(land)  Paragu  ay, 

4633. 

'• 

mzana, 

Costa  Rica, 

1.S333 

(Table  continued  on  next  page. 
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Table  No,  30,    (Continiied.) 
Man^ana^  Nicaragua  and  Salvador,  1,727 


Prussia, 

-63 

" 

Japaa, 
Uru^ay, 
Japan, 
Denmark, 

-0245 
2700. 

1.36 

cuadras. 
acres. 
1 1 

Japan, 
Sweden, 

6. 
1,22 

ft.  square 
acres. 

Russia, 
Russian  Poland, 

71. 1 
4t.q8 

sq,  rods, 
acres. 

Tabic  No,  3K 

CuRic  OR  SoijiJ  Measuuk.     (U.  S.  and  British.)  | 

172B  cubic  inches  =  1  cubic  foot,  (cu,  ft.) 

27  cubic  feet  t:^  i  cubic  yard,  (cu.  yd*) 

f  A  cord  of  wood  =;  128  cubic  feet  and  is  in  dimensioti.  ^ 

4  feet  wide  by  4  feet  high  by  S  feet  long  or  of  sue  ^ 

other  dimensions  as  will  give  12S  cubic  feet  ] 

I   cord  =  3*624  Steres,  Metric  or  French  system  t^^ 

jjolid  measure.  ] 

In  some  western  states,   as  California,  64  cubic  fe^?^ 

or  one-half  United  States  cord  is  called  one  cord*  ' 

A  perch  of  stone  is  supposed  to  be  one  rod  long^ 
foot  hig:h  and  one  and  one-half  feet  wide  or  thick 
contains  24.75  cubic  feet. 

It  is  generally  taken  at  25  cubic  feet. 
In  Philadelphia,  22  cubic  feet  =  i  perch* 
In  parts  of  New  England,  16.5  cubic  feet  —  1  perch 
The  perch  is  not  used  by  engineers  and  should  not  l>' 
used  by  anyb<jay  unless  its  amount  in  cubic  feet  is  al^o 
specilied. 
The  toise  of  Canada  =  261,5  cubic  feet, 
^H   The  chaldron  of  Canada^  58,64  cu*  feet. 
^H  Unit  of  reservoir  and  water  shed  capacity^  i  acre  foot 
^^^  one  acre  one  foot  deep  — 435G0  cubic  feet. 
Second  feet  ^  cubic  feet  per  second, 
Califoruia  miners  inch  =^  .02  cubic  foot  per  secoa 
S.976  gallons  per  minute  =«=  12926*33  gallons  per  day. 
In  other  places  the  miners  inch  varies  from  to  to' 
gallons  per  minute. 

For  foreign  weights  and  measures,  frequently  used 
in  commercm}  relations  with  United  States  equivalents 
Tablea  No.  43  and  43. 


CO 


Tabk  No.  32. 

One  Cubic  Yard  Equals  in 


tates 
es. 


c  inches. 
2  feet. 

id  gallons  21.033 
id  barrels.    5.258 
r  barrels.     2.629 
ped  bushels, 
ck  bushels 
cs. 


English  Imperial 

Liauid  and 
Dry  Measures. 
168.266  gallons.    .0764534 
84.13     pecks. 

bushels.     .764634 
coombs, 
quarters.    7.64584 


Metric  or  French 
Measures. 

myrioliter  or  de- 

castere. 

kiloliter,  cu.  me- 
"  ter  or  stere.* 

hectoliters  or  de- 

cisteres. 
76.4534    decaliters  or  cen- 

tisteres. 
764.534    literst  or  cubic 

decimetres. 
7645.34    deciliters. 


Table  No.  33. 

One  Cubic  Foot  Equals  in 


tates 

res. 


English  Imperial 
Lriquid  and 
Dry  Measures. 
ic  inches.    199.437  gills, 
ndrical  ins.  49.8568  pints, 
ic  yard.        24.928  quarts, 
id  gills.        12.464  pottles, 
id  pints.       6.232  gallons.    .28316 
3.116  pecks. 
.779  bushel.    2.8316 
.194  coomb. 
.097  quarter.  28.316 


lid  quarts. 

id  gallons. 

pints. 

quarts. 

gallons. 

ks. 

ack  bushel. 

ped  bushel. 

r  barrel. 

lid  barrel. 


Metric  or  French 
Measures. 

myrioliter  or  deca- 

stere. 

kiloliter,   cu.  meter 

or  stere.* 

hectoliter   or  decis- 

tere. 

decaliters  or  centi»- 

teres. 

literst  or  cu.    deci- 
meters. 
283.16     deciliters. 
2831.6     centiliters. 
28316.     milliliters  or  cubic 

centimeters. 


itates 
res. 

bic  foot, 
bic  yard, 
herical  ms. 
uidgill. 
uid  pint, 
uid  quart, 
uid  gallon. 
Y  pint, 
y  quart. 
y  gallon, 
ck. 

•uck  bushel. 
ped  bushel. 


Table  No.  34. 
One  Cubic  Inch  Equals  in 

English  Imperial 
Liquid  and 
Dry  Measures. 
.0288  pint. 
.115   gill. 
.0144  quart. 
.0072  pottle. 
.0036  gallon 
.0018  peck. 
.0045  bushel, 


Metric  or  Freno 
Measures. 


.0001638 
.001638 
.01638 


000016386  stere,*  cu.  meter 
or  kiloliter. 
decistere. 
centistere. 
ministers,  liter  t 
or  cu.  decimeter- 
.Um8       deciliter. 
1.63S6       centiliters. 
16.386        milliliters  or  cu. 

centimeters. 
1 6386.      cubic  TnilUtrvelftT^ 
*The  stere  is  unit  oi  soWd  raeaisvL^tft. 
fThe  liter  is  unit  oi Uauid mea&Mt^ , 


TableNo.35. 

Li(juii)  Mkasl  RE.    (United  States  Only.) 
The  unit  =  i  gill. 
4  gills       =  1  pint- 
2  pints      =  I  quart. 
4  quarts   =  i  gallon. 

Table  No.  36. 

Kkdiution   Taklk   With   Equivalents  in  Cub 
Mkasurk,  Pounds  of  Water,  and  Liters. 
tiillH.     Pints.    Quarts.    Gallons.    Cu.  Ins.     ^^^Sr^'^'     ^ 

I         .'zr,        .Via         .31         7.*^i8  .«005 

4  I.  .5  .125         2«,K75  1.0402 

H  2.  I.  .SJ5  57.75  2.0804 

Hi  H.  4.  1.  231.  8.3216 

'I'o  reduce  to  United  States  dry  measure  of  the 
denomination,    multiply  by  .8593  or  divide  by  i.i 

To  reduce  to  British  Imperial  Liquid  or  dry  me 
of  the  same  denomination  multiply  by  .83  or  divic 
1.20032  or  ai)proximately  by  1.2. 

In  tlie  United  States,  i  barrel  ^=31.5  gallons  or 
cubic  feet. 

A  Hogshead  =  two  barrels  or  63  gallons.    The 
Hogs  I  lead    is   used    to   designate  casks   etc.,   of 
capacities,  and  sliould  not  be  used  in  engineering. 

Table  No.  37. 

A \'( )Tn K.c AR I Ks  Measures. 


Table  No.  39- 

Reduction  Table  with  Equivalents  in  Cubic  Measure, 
Pounds  Water  and  Liters. 

H„t,.Qts;Ga.s.    Pets.    I'^ht  S.Th'lLS^n^SJs^^S.^'*"*- 

1.  .5       .125      .0625     .015625       .0125      33.6003       1.2104         .55 

2.  1.         .25        .125      .03125         .025       67.2006       2.4208       1.1 
^'.      4.        I.  .5  .125  .1  268.8025       9.6834       4.4 

16.      8.       2.  1.  .2>  .2         537.605  19.367  8.802 

Cu.  Ft. 

M.     32.       8.  4.  1.  .8         1.24445  77.467  35.208 

80.     40.      10.  5.  1.25  1.  1.56556  96.88  44.01 

To  reduce  to  United  States  liquid  measure  of  the 
same  denomination  multiply  by  1. 16365  or  divide 
by  .8593. 

To  reduce  to  British  Imperial  dry  and  liquid  measures 
of  the  same  denomination,  divide  by  1.03 15 16  or  multi- 
ply by  .0969,  or  approximately  by  .097. 

By  law  one  struck  bushel  measure  is  18.5  inches  inner 
diameter,  19.5  inches  outer- diameter  and  8  inches  deep. 

When  heaped,  the  cone  not  less  than  6  inches  high 
(height  of  top  of  material  or  goods  measured  above  top 
of  measure)  the  bushel  is  called  a  heaped  bushel  and  is 
equal  to  1.25  struck  bushels,  as  above  mentioned. 

A  dry  flour  barrel  contains  3.75  cubic  feet  =  3  struck 
bushels,  but  is  not  a  legalized  measure,  though  by  law 
^96 pounds  of  flour  is  a  barrel;  37.66  heaped  bushels  = 
f  chaldron  of  Canada,  (nearly). 

For  Foreign  Weights  and  Measures,  frequently  used 
^  commercial  relations,  with  United  States  equivalents 
'®6  Tables  No.  42  and  43. 

Table  No*  40. 
'^'^ITISH  Imperial  Lk^uid  and  Dry  Measure. — Wim 

E(^)UIVALENTS. 

Com.  Pound.s 
of  Water. 
&uls        z=  T  pint         =         1.25 

pints       =  I  quart      =         2.5 

Quarts    =  I  pottle     =        5. 

pottles    =  I  gallon     =       10. 

§rallons  =  I  peck       =      20. 

Pecks      =  I  bushel    =       80. 

^Ushels  =  I  coomb    =     320. 

-oombs  =  I  quarter  =     640. 

The  Imperial  Gallon  =  1.20032  United  States  Liquid 

Ulons    (or    approximately    iji    United    States    liquid 

^lons)  =  4.541  liters. 

27 


Cubic 

Inches. 

.   34.^>502 

Cubic 
Feet. 

69.3185 

138.637 

277.274 

.16046 

554-548 

2218.192 

1.2837 

8872.768 

5.1347 

7745.536 

10.2694 

TafakNo.41. 

Ah  1 1,1     «ii.   Kkkntii  CtbI'    ok  SoliI'  M£AS?k£.  LiyriB 
AM   \tK\  MhAsrRF.>  With  Uxitei*  State?  aki> 

HkITISH  EiJl"IVALEN-T5. 

viiiiii-.r-   ,.1  r  i  Liquid,  .omwr:  Id::. 

iLiauii:.  .€8153:  fri'.- 

fl»r\.       .01  Hlfcf  din- pm:. 

\  Liauiil.  .81537  grfll  =  .211*4  pin:. 
Ji...-.i!UM  r..UK.%J  *■       .TMSsBrii.  grfil. 

'  1  try .        .1  Kite  dr^-  pmi. 

^Liaaiil.  l.nsCTl  anan. 
M.0B.V1  .8H08riHrit.  qnart  _^ 

1 1  »rv.       .11351  peck  -  .«»:  dry  qnMXi- 
fllii.tM         s  Liauid.  2.61ITI*  U.  t.  liq-aic  gallons- 
Ulb.  Ft.  2.«lKi  Rrii.  irallonii.  . 

«  tnuMfi.  j^^^^r^.       ^,,^.         .SBSTW  bnshels^  1.1351  peck- 

, ,  ,  .  X  Liviuid.  ai.41T5»  U.  h.  liauid  gallon*- 

' " •  "»^^» •  '  1  »r>  .       '^83783  bashelb. 

1. 11..1IU-I ...  I  s  Liquid.  aiM.lTP  U.  S.  liquid  gallon*- 

<  MiM<   M«rl«'i*     tiTi-MUV.  •'       a30.0i«   Krit.  grail oni.. 

.<!  i.iuii-.  M»r^.       ftv3783  bushelt;. 

I  Liquid.  dWl.T?*  U.  S.  liquid  jralltms- 
A  \i...i.i.r     .».       ;j.^.,,,v,  l>rv.        383.7K!i  bushels. 

''•'••  -^ '•'  *■  f  UU>i  cu  bic  yardr,. 

•«   .ii^i.    Aji-ii-i        I.aiS  fiihii  vanls. 

I....  .  ji'  i>iii  ii  ciiiniiieiu.'^  11^  art'  marked  *'Brit."  are  gi"***^ 
I'll,  tji:  hiiii«t  ini.'4Lhiii  i*^ 

Tabk  No.  42. 

/j.i.n.A  Wi.i'.jiir  A.M»  Mi.AsrRiis  Frf.qt'enti.v  L'sBin 


J*i.i  liiirlri  . 


J  ii  I  tiiiU-i 


TaMeNo.42.    (Continued.) 

ons.                 Where  Used. 

United  States 
Equivalents. 

)           Spain, 

140  gallons. 

Malta, 

6.4  gallons. 

India  (Bombay,) 

529  pounds. 

India  (Madras,) 

500  pounds. 

Morocco, 

113  pounds. 

Syria  (Damascus,) 

575  pounds. 

Turkey, 

124.7086  pounds. 

intar,)  Malta, 

175  pounds. 

Mexico  and  Salvador, 

300  pounds. 

China, 

1.33  pounds. 

Japan, 

1.81  pounds. 

Java,  Siam,  and  Malacca, 

1.35  pounds. 

Sumatra, 

2.12  pounds. 

Central  America. 

4.2631  gallons. 

Bremen  and  Brunswick, 

117.5  pounds. 

Darmstadt, 

110.24  pounds. 

Denmark  and  Norway, 

110.11  pounds. 

Nuremberg, 

112.43  pounds. 

Prussia, 

113.44  pounds. 

Sweden, 

93.7  pounds. 

Vienna, 

123.5  pounds. 

Zollverein, 

110.24  pounds. 

Double  or  metric. 

2;i0.46  pounds. 

Sarawak, 

3098.  pounds. 

Siam  (Koyan,) 

2667.  pounds. 

Spain, 

1.599  bushels. 

Greece, 

Half  ounce. 

•y,)        Central  Amercia, 

1.5745  bushels. 

Chile, 

2.575  bushels. 

Cuba, 

1.599  bushels. 

Mexico, 

1.54728  bushels. 

Morocco. 

Strike   fanega,  70 

lbs.;  full  fanega 

118  lbs. 

Uruguay  (double,) 

7.776  bushels. 

Uruguay  (single, 

3.888  bushels. 

Venezuela, 

1.599  bushels. 

luid,)    Spain, 

16  gallons. 

ins.) 

50  pounds. 

Argentine  Republic. 

2.5096  quarts. 

Mexico, 

2.5  quarts. 

Zanzibar, 

35  pounds. 

Luxemburg, 

264.17  gallons. 

Russian  Poland, 

0.88  gallon. 

Russia. 

216  cubic  feet. 

Japan, 

4.9629  bushels. 

Russia, 

3.5  bushels. 

Japan, 

8.28  pounds. 

requently   called    "kin."      Among    merchants  in 
:s  it  equals  1.33>^  pounds  commercial. 
(Table  continued  on  next  page.^ 
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Table  Nql.42»   cCoarm^ed.) 


I  >enom  inat  i<MM. 


l.itffH  (p«>und,) 


Lu  t  c  I  pound.^ 


Where  Used. 
Beldam  aLod  HoUaad^ 
EngUmd  (.dry  nialt.^ 
Gernuuij, 

Prussia, 

Rnssian  Poland. 

Spain  (salt.) 

C^kstiltan. 

Argrentine  Republic, 

Cen:ral  America. 

ChJe. 

Cuba. 

Mexico. 

Peru, 

Portuj^al. 

Urui^rttay. 

Vea^ruela. 

Me:r:c. 


>ia:. 

B».'.:v.a. 

>u.--, : 

rtr-JLu. 

»^c 

S^^f-v  VC. 

'.i'^^^^vrtf. 

Huri^:*.- 

United  States 
EqniTalentK. 
dSulSt  bushels. 
8132  bushels. 
:£  metric  tonsiitfl 

pounds. 
11±^  bushels. 
11^  bushels. 
-LKSn  pounds. 
n*»  strains  (troy.] 
I.«>l:i7  pounds. 
Ij>43  pounds. 
I.0''4  pounds. 
I.t>t61  pounds. 
I.<t>t-|i&  pounds. 
I.t>t  IS  pounds. 
I.OtI  pounds. 
tj>t  43  pounds. 
T-fUitt  pounds. 
I.t)&5T  quarts. 
l-I  pounds. 
LOC^t  potmds. 

fe«t;  c^rthewC^ 
cubic   teet:  ^ 
puurkSwOJlDsu^ 
ticial  feet. 
0..a>r  po:ini 

jftjasa  po=^d&.- 

i^rss  poTmds. 

i-St  po-an-isw 
3L«J»rir  poc=ds. 


Table  No*  42.    (Continued.) 


inations. 

Where  Used. 

United  States 
Equivalents. 

Malta, 

490  pounds. 

India, 

1  pound  18  ounces. 
1.6  quarts. 

ird  (St. 

Lumber  measure, 

1(J5  cubic  feet. 

'etersburg,) 

British, 

14  pounds. 

Cochin  China, 

590.75  grains  (troy 
2  pecks. 

Space  measure. 

40  cubic  feet. 

e (cereals,) 

Denmark, 

8.94788  bushels. 

a, 

Sweden, 

4.5  bushels. 

0, 

Russia, 

2.707  gallons. 

Tabic  No.  43. 

EiGN  Weights  and  Measures  With  United  States 
Approximate  Equivalents. 

■incipal  nations  arranged  alphabetically.  For  other 
?hts  and  measures  see  Table  42. 

Argentine  Confederation. 

etric  system  used  in  the  assessment  of  duties.  Old 
nish  weights  and  measures  (see  Spain)  m  common 

Austria,  (Same  as  Germany.) 

Belgium,  (Metric  System.) 

Bolivia. 

le  metric  system  is  the  legal  system,  but  the  law 
not  been  rigidly  enforced.  Old  Spanish  weights 
measures  (see  Spain)  still  in  use.  For  coin  weight 
netric  gram  is  used. 

Brazil,  (Metric  System.) 

imonds  are  permitted' to  be  sold  according  to  the 
ortuguese  "outava"  (55.34  grains.) 
ps'  freights  are  for  the  most  part,  settled  according- 
:  English  ton  (2240  lbs.) 

Canada,  (Same  as  Great  Britain.) 

Chile,  (Same  as  Bolivia.) 

custom  purposes  the  metric  system  is  eiiioxcvid. 
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1  tael 
t  catty 
I  picul 
I  chih 
1  ebang 


China. 

=     1 34  ozs.  commerciaL 
^     1*^1  lbs.  '* 

=     133  Vj' lbs. 


14.    inches. 
It. 75  feeL 
CoLUMRT-v,  (Metric  System.) 
Denmark. 
r  pund(3^'  kilogram)    ^  r.  1023  lbs.  commerciai. 
^  I  to.  II  lbs. 
—  3.94^11.  S.  bushels, 
=  4.8^5  V,  S. 

=  1.03  u.  a  ft 

^  2.04  U.  ti.  gallons, 
1=  .6S64  yards. 

Metric  system  of   weight* 


I  centner  (100  lbs,) 
I  tonde  of  grain 
r  tonde  of  coal 
J  ffjd  (foot) 
r  viertel 
[  aletx  (ell) 
Coinage  laws  are  metiic, 
and  measurcfi  is  also  used. 

EcUAHOlt,  (Metkic  Svstrw.) 
EtiVPT,  (Metric  System.) 

Fra:?4CE,  (MtTRIC  SVSTHM,) 

Tht;  old  French  aune  :=  1^4  yds. is  sttU  tit^eil  to  some 
ex  Urn  t  in  the  silk  industritis  of  France  and  the  U.  S. 
Germany, 

Metric  iiystem  with  a  few  changes  in  sabdi visions  is 
in  general  use. 


India. 
I  seer  =  i6  chattucks. 

I  Bombay  maund  of  40  seers  —  28     Ibs.commercial. 

T 

I  Surat  •♦ 

I 

I       *'  ** 

I  Bengal  factory  maund 

I  ' '      bazaar 

I  Madras  maund 


"42    " 

—  29.4  •• 

-  40    " 

-3ii    ♦• 

-42    *♦ 

=  39^     - 

**  44      *' 

--4iA" 

laund 

=  74?.     - 

♦' 

».82j     - 

=  25       *' 

20  maunds=  560    ♦' 

=  746J    - 

«♦ 

=  500     " 

' 

=  660     - 

=-=  180  grs. 

«=»  I  yard. 

=  20  units. 

=  20  lbs. 

I  Surat  •* 

I  Madras  " 

I  Travancore  •' 

I  tola 

I  guz  of  Bengal 

I  corge 

I  corge  pound 

Metric  system  permissive. 

Italy. 
I  palm  =  .555  cu.  ft. 
Metric  system  in  general  use. 
Japan. 
I  picul  =  133 :\  lbs,  commercial. 
For  coinage,  in  part,  the  metric  unit  of  weight  is  used. 
Java. 
I  Amsterdam  pond  =  1.09  lbs.  commercial. 
I  picul  =  133.L  " 

I  catty  =  i:\  ** 

I  chang  =  4  yards. 

Mexico. 
Weights  and  measures  are  legally  the  metric,  l)iU  the 
metric  system  is  not  generally  in  force,  the  old  vSpanish 
weights  and  measures  (see  Spain)  being  still  employed. 
Netherlands. 
Metric  system  with  a  change  in  names  in  general  use. 
I  last  (30  hectoliters)  =  85.13.4  bushels. 
Norway  and  Swf.dkn. 
I  Swedish  skalpond  =  .93.^  lbs.  commercial. 
I  Swedish  centner     =  93  ^^  lbs. 
I  Norwegian  pund    =  i.i  lbs. 
I  Swedish  fot  =11.7  inches. 

J  Norwegian  fod       =12.02     " 
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Table  No.  44*   (Continued.) 


Standard. 

Gold  and  Silver, 
Gold, 


Gold  and  Silver, 
r.  Gold, 

itain,  " 

Gold  and  Silver, 


Monetary 
Unit. 


Value  in 
U.S.Gold. 
Colon,  $  .0S,6 

Crown,  .96,8 

Pound  (100  pias- 
ters), 4.04,8 
Mark,  .10,8 
Franc,  .10,8 
Mark,  .28,8 
Pound  Sterling,  4.86,6}^ 


nds. 
idland, 


Gold, 

Gold  and  Silver, 
Gold, 


Gold  and  Silver, 
md  Norway,    Gold, 
md,  Gold  and  Silver, 

Gold, 

a.  Gold  and  Silver, 

Table  No.  45. 

TRIES  WITH  Fluctuating  Currencies,  Giving 
Quarterly  Valuations  in  1900. 


Drachma, 

Gourde, 

Lira, 

Yen, 

Dollar, 

Florin, 

Dollar, 

Milreis, 

Ruble, 

Peseta, 

Crown, 

Franc, 

Piaster, 

Peso, 

Bolivar, 


.10.8 
.06.5 
.10,8 
.40,8 

1.00 
.40,2 

1.01,4 

1.06 
.61,6 
.19,3 
.26.8 
.10,8 
.04.4 

1.08.4 
.19,8 


ies. 

Momentary  Unit. 

Jan.  1. 

April  1. 

July  1. 

Silver  boliviano, 

$  .42,7 

$  .43,6 

$.43,8 

America,      Silver  peso. 

.42,7 

.43,6 

.43,8 

Amoy  tael. 

.69,1 

.70,5 

.70,9 

Canton  tael. 

.08,9 

.70.3 

.70,7 

Chefoo  tael, 

.60,1 

.67,4 

.67,8 

Chinkiang  tael. 

.67,5 

.68,8 

.69,3 

Fuchau  tael, 

.64 

.65,2 

.65,6 

Haikwan  tael. 

.70,3 

.71,7 

.72,1 

Hankau  tael, 

.64,7 

.65,9 

.66,3 

Ningpo  tael. 

.66,5 

.67,7 

.68,2 

Niuchwang  tael. 

.64,8 

.66,1 

.66,5 

Shanghai  tael, 

.6.3,1 

.64,4 

.64,8 

Swatow  tael, 

.6.3,9 

.6.5,1 

.65,5 

Takao  tael. 

.69,6 

.70,9 

.71,4 

Tientsin  tael, 

.67 

.68,3 

.68.7 

a,                   Silver  peso, 

.42,7 

.43,6 

.43,8 

,                                " 

.42.7 

.43,6 

.43,8 

Silver  rupee, 

.20,3 

.20.7 

.20,8 

Silver  dollar. 

.46,4 

.47,3 

.47,6 

Silver  kran, 

.07,9 

.08 

.08,1 

Silver  sol. 

.42,7 

.43,6 

.43,8 

commerciaJ   value  of  the   rupee  to  be  detetirvm^^  >aN 
certificate. 


which  IS  written  in  the  quotient.  By  subtracting  this 
cube  (27)  from  the  left-hand  period  (46),  and  annexing  to 
the  remainder  (19)  the  ne^it  period  (656),  we  form  the 
dividend,  19656.  By  multiplying  the  sqtiare  of  the  root 
already  found  by  300  (multiply  by  3  and  add  two  ciphersK 
we  form  the  trial  divisor.  2700  (300  X  3*  =  270*1).  The] 
trial  divisor,  2700,  is  contained  in  the  divide  ml,  {19656J 
6  times.  Write  6  as  the  next  figure  of  the  rooL  To  form 
the  complete  divisioi\  add  to  the  trial  divisior  (2700)30 
times  the  product  of  the  last  h^vire  (6)  of  the  root  and 
the  other  figure  3  (30  <  b  ^  3  =  54^^)*  and  the  square o| 
the  last  figure  (6*  —  36).  Multiph  tug  thin  complete 
dtvisorj  3^76  by  6,  the  last  figure  of  the  root,  and  sub- 
tracting the  product  (19656)  from  the  dividend  (1965(1^ 
there  is  no  remainder.  ,  *.  36  is  the  required  cube  rotiL 

NoTK.— When  the  given  number  contains  a  decimal' 
separate  the  number  into  periods  of  three  figures  each, 
by  proceeding  in  both  directions  from  the  decimal  poiat 

Note. — In  finding  the  cube  root  of  a  fraction,  wheoJ 
both  are  cubes  extract  the  cube  root  of  the  numerator] 
and  denominator  separately.  When  they  arc  not, 
reduce  to  a  decimal  fraction  and  find  its  cube  root. 

Use  OF  Cure  Root, 
A  box  contains  172S  cu.  inches.     What  are  its  dimeC' 
sions? 
The  cube  root  of  172S  =  12  inches,     (t2  X  is  x  12. 

^The  soHd  contents  ot  similar  figures  are  to  each  othei   *i  }J 
i  the  cubes  of    their    similar    dimensions^ — ^iides 
diameters. 


Si3 


It 


ExAMPLE:^If  a  ball  3"  in  diameter,  weighs  q  pouadii  Jjii 
What  will  a  hall  of  same  material  weigh  whose  di#  ^'^ 
meter  is  6'?  ^  ii« 

Cube  of  similar  dimensions,  3X3X3  =  27.   6X6  > 

2 1 6. 

.'.  a7  :  4  lbs  :;  216  ;  required  weight. 

.     .       .  316  X  ^ 

,  *,  required  weight  =  — — —  —  3s  lbs, 

ExAMPLit.— Having  a  bos,  4'       4'    -    4'  =  64  cu,  ft\ 
>'^ity,    required  the  length  of   the  side  of  anotbe! 
■*>ox  that  will  hold  4  tinies  as  much. 

64  X  4  =;  256.  f  256  =  (3,349  tt.  =  s\de  of  tbd 


Sc2  0A.Rfe:     ^K.<_>c»'rs   ANO  Cljiir  Roots  nr 
T^  iTis^i^tJLfccs    -From 

s.t>le^^  s,c?e   p>s3.g^es   40  to  47  inclusive. 
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IHCl.VSlVh 

-■ 

*re 

Cube. 

Sq.Rt. 

C.Rl. 

No.l 

Sqimre 

Cube. 

Sq.Rt. 

mM 

n 

1771 B61 

11.0000 

4.9441 

186 

34906 

6434830 

ia.688S 

73!^ 

u 

ISLA&IS 

U.04dM 

4.oem 

isr 

34959 

6539aQS 

13.0748 

5.71» 

39 

ISGOeST 

11.0900 

4.41733 

188 

3S344 

6444079 

13.7113 

6.7287 

re 

IQ066M 

11,1355 

4.9866 

189 

30721 

47ffl209 

13.7477 

5.7388 

25 

lOKnas 

11.1803 

SjOOOO 

190 

3S1TO 

683B0Q0 

13.7840 

5.74S9 

n 

aooo37fl 

11.2250 

5.0133 

191 

30481 

ewTsn 

13.8203 

5.7000 

29 

SMeasi 

HJJ6W 

s.ogas 

192 

3Q804 

T077888 

13.8344 

5.7090 

Bi 

S9CMTLA2 

11.3137 

S.0M7 

m 

37349 

7189057 

13.8034 

6.7790 

41 

2^4(»»9 

lL357fi 

5.(]628 

194 

37630 

730L184 

I3.92ft4 

6.7890 

OO 

21*7000 

ii.iois 

5.0fl5B 

105 

30025 

7414875 

13.0e42 

6.79M 

ftl 

2S4SOgi 

11.4455 

5,0788 

196 

38416 

75295:W 

14.(IJ00 

^ 

2299908 

11.4^J1 

5, ((910 

197 

33809 

TW.'iTTS 

14.0357 

5.8189 

m 

2353ft37 

11.5326 

5.1045 

108 

39204 

7762302 

14.0712 

S.8S8S 

K 

3406104 

1157rfl 

5.1172 

199 

30001 

7880999 

14.1067 

5.83H3 

25 

24eDfr75 

11  ei90 

5.529D 

300 

4{X)00 

8000000 

14.1421 

5.8480 

9e 

25ia.l3(J 

11.0619 

5.1426 

2(fl 

4(M01 

8120001 

14.1774 

5,8978 

9§i 

257135.1 

n.7tH7 

5.1551 

2(13 

40004 

8242400 

14.2127 

5.S675 

41 

2f>2S(J72 

11T473 

5.1670 

203 

41209 

8365427 

14.2478 

5.8771 

21 

268.W19 

11.7898 

5.1801 

2M 

41410 

8189664 

14.3829 

5,8866 

DO 

2744000 

11.8322    5.1925 

205 

420QS 

8015125 

14.3178 

189M 

SI 

28»mi 

11.8743    5.2MJJ 

306 

42436 

8741816 

14.3527    59059 

M 

S853383 

ll.Slfl4    5.2171 

2ff? 

42S49 

8800743 

14.3875 

5.9155 

19 

29M207 

ll.«5K    5.2293 

208 

43244 

8098912 

14.4222 

5.93150 

» 

296Se!M 

12.000U    5.2415 

209 

43681 

912<S29 

14.4508 

5.9345 

3P 

304862S 

12.0416  ,  5.2536 

310 

44100 

'.^1000 

14.4914 

5.9439 

s 

3112136 

13.OB30  »  5.3650 

211 

44521 

OSVfiBl 
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06 

3176923 

12.1244 
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212 

44944 

9528128 
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5.06OT 

M 

82417M 
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5.2896 

218 

4536© 
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14.KW5 

5.9m 

01 

S3£rm^ 

13.2000 

5.3015 

214 

457% 

9800314 
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00 
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4^225 
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5.9D07 

ca 

;M42!D51 

12.3882 

5.3251 
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Of 
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11^             Table  No.  m.         ^|^|^| 

pB^!5i!^!t;BE,  Squake  Rfio'i    AND  Clmr  ROO^I^A^B 

\                                WiiuLK  NLTMimR  Frum                            ^H 

^K                     641  to                         ^1 

^■^                                                          IMCmsIVE                                                              ^^1 
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Tabic  No.  47*  (Continued.) 
Mantissa  dk  L(m:arfthms  of  Ni:mbkrs  From  o  k 
(Common  System — Bask  ^  lo.) 
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NoTK.— Each  Mantissa  above  given   is   supposed   to 
have  a  decimal  point  before  it. 

The  characteristic  of  the  Logarithm  of  a  niimbcr 
is  less  by  i  than  the  number  of  digits  preceedini;  the 
decimal  i)oint.     The  Logarithm  of  a  nuniber=characUr- 
istic  ^-  mantissa. 

Thus  characteristic  of  Log.  164.=  2. 

Mantissa  from  table,  .214S4 

Log.  164  =  2.21484 

The  Logarithm  of  a  product  ==  the  sum  of  the  logari- 
thms of  its  factors. 

The  Logarithm  of  a  quotient  is  found  by  subli  ;u  linv, 
the  logarithm  ()f  the  divisior  from   that  of  the  dividend. 

The  Logarithm   of   any   power   of  a  number         the 
^'>Karithm  of  the  number  x  the  expcment  of  the  ])o\ver. 

The  Logarithm  of  a  root  of  a  number  -=  the  l().v:ariihr. 
^'f  the  number   :    the  index  of  the  root. 

The  arithmetical  complement  =10--  logarithm. 

The  arithmetical  complement  of  a  given  logaritiiin  's 
the  logarithm  of  the  recijjrocal   of  the  uum\)v:v   v^>vv<- 
'^poncl/n^  to  the  fj^iven  log-£irithni. 
■^0 


MENSURATION  OF  SURFACBS. 

akicaxged  alp11abet1ca1j.t. 
Circles. 
Thi:  urrm  "circle "  as  used  in  this  wor^  nnlessoUier- 
wibAT  m^rutkmcd,  means  the  area  ^vrithxn  the  bonndin{; 
luitr  calk'd  the  circumference.  In  Analytic  Geometry 
mvi  *AUi:r  hij^her  mathematics  the  term  •*C!rclc"  tt 
i^tijc-raily  applied  not  to  the  area,  but  the  bounding Um 
<A  \h*:  area, 

TabkNo.4& 
Area  </f  a  circle,  if  not  given  in  Tables  52  to  54Bincltt- 
.-:v<r  can  l>e  found  as  follows. 
Area  of  a  circle  —  radius  squared  X  3,1416. 

—  diameter  squared  X  .7S  54. 

—  circumference  squared  X  .07958. 

—  >^  diameter  X  i^  circumference. 
A.M. a  '>i  circle  :  area  any  circumscribed  straight  sided 
^>;  :m,      circumference  of  circle  :  to  periphery  ofcircum- 
>/  j.iyc:  figure. 

A.'jv  circle  whose  diameter  is  double  that  of  anotber. 
^'/,';ta;jis  four  limes  the  area  of  the  other  or  the  area  of 
':j';«:r>  are  U>  each   other  as  the  squares  of  their  diam- 

Area  of  a  circle  —  area  of  a  triangle  whose  base -* 

rcle. 


of  circle  to  circumscribe  a  g^ven  square  — 
are  X  .  7071  or  —  ^  the  diagonal  of  the  square. 
r  X  1.3468  ^  side  of  an  equilateral  triangle  of 

r  of  circle  equal  in  area  to  g^ven  ellipse 
uct  of  the  long  and  short  diameters  of  the 


Table  No.  49* 

TO  Circumference,  Diameter,  and  Radius, 

:  not  g^ven  in  Tables  No.  52  to  54B  can  be 
allows : 

f  V  Area  x  12. 566  or 
umference  =  \       Diameter  x  3- 1416  or 
L      Radius  x  6.2832 

Circumference  -?-  3.1416  or 
neter  =  -!      Circumference  x  3^831  or 

l/Area  -i-  .7854  or 
^  Area  x  1.1284 

Circumference  -r-  6.2832  or 
Circumference  x  -1592  or 
V^Area  ^  3.i4i6or 
l/Area    x    -5642 
3ngth  of  any  arc  =  cir.  X  no.  degrees*  in  arc. 

360 

=  diameter  of  the  circle  of 

which  the  arc  is  a  part  X 

number    of    degrees*    in 

arc  X  .008726c. 

=  No.ofdegreesX. 017453292 

X  radius. 
=  No.of  minutesX. 00029088 

X  radius. 
=  No.of  sec'ndsX. 000004848 
X  radius. 
arc  of  lO,  radius  100'  =  1.74533  ft. 

;r  =  3.14159265      L      =.31831 
It 

>g.  It  =  .4971499         -  ^     •=  .101321 

/«  =  1.772454      _L  =.56419 
;r*  =  9.8696044      i/tt 

and  seconds,  if  any,  must  be  reduced  to  d.^c\r(\«\  o^«>. 
J  table  No.  50. 

51 


TaUeNo*50. 

MiNrTES  AND  Seconds  in  Decimals  of  a  Degul 
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Circles. — Parts  of. 


f*%  t  n,.  I.' 

Fi,  +.  Fi,.  y;  Fifr*-  rxtTTT 

Sitlor.      I'ij^.   2. 
Art-a        liMij^th  of  arc  a  d  b  X  J  radius  a  c. 

radius-    x  3.1 416  <  number  of  degrees  in^g 
360 
I'or  IfiiKlli  or  arc,  separately,  see  page  51. 
Sf^iiitMil.     I'lK-  3.     When  it  is  less  thanasemi-circ. 


Cube. 

Area  of  surface  =  length  squared  x  6. 
Cycloid. 

Area  =  area  of  the  generating  circle  x  3. 
Cylinder  or  Prism. 

Area  of  surface,  exclusive  of  top  and  base  =  circum- 
ference X  height. 
Ellipse. 

Circumference  of  an  ellipse  =  3. 141 6  X  square  root  of 
i  of  the  sum  of  the  long  and  short  diameters. 
Area  =  long  diameter  X  short  diameter  X  .7854 
Ellipsoid. 

Area  surface  =  2.22  X  short  diameter  X  square  root 
of  the  sum  of  the"  long  and  short  diameters. 
Frustrum  of  Cone  or  Pyramid. 

Area  surface,  exclusive  of  top  and  base  =  sum  of  cir- 
cumference of  large  and  small  ends  X  J  of  slant  height. 
Irregular  Surface. 

When  the  base  is  a  straight  line,  and  the  irregular 
bounding  line  of  top  is  connected  to  base  by  two  parallel 
ends  at  right  angles  to  base. 

Rule*. — Divide  area  into  any  number  of  equal  width 
parallel  strips,  find  center  height  of  each: — then, 

Area  of  irregular  surface  =  width  of  a  strip  X  sum 
0^  all  the  center  heights. 

The  above  rule  is  sufficiently  accurate  for  most  pur- 
poses in  practice.  Francke's  or  Poncelet's  rule  should 
^  used  when  extreme  accuracy  is  desired  but  are  not 
^ere  inserted,  as  they  involve  to  much  calculation  to 
?ive  a  quick  answer.  Simpson's  rule  is  more  compli- 
cated, and  not  generally  as  accurate  as  Francke's  or 
Poncelet's. 
Parabola. 
Area  =  base  X  f  height. 

=  f  area  of  circumscribing  rectangle. 
Parallelograms. 

A  Parallelogram  is  any  figure  bounded  by  four 
^faight  sides,  the  opposite  ones  of  which  are  parallel, 
^ey  are  the  Square,  Rectangle,  Rhombus  and  Rhom- 
■oid.  The  area  of  either  is  equal  to  one  side  x 
'^rpendicular  distance  between  it  and  the  opposite  side 
r  base  x  perpendicular  height. 

*Thij3  rule  is  sufficiently  accurate  in  practice  for  irregular 
ciif^^-'^t.  t-_^t.  ^ ^  ijj^gg  ^jj  irregu? — " —  '~--' ^  -^u^^ 

)  parallel  ends. 


Auijs  ruie  IS  sumciei     ,  ^  _ 

sure  w^th  both  top  and  base  an  irregular|line  joining  each  other 
^ '^^opoints  or  by  two  p 


53 


•*!±  -ni—risir- 


vjiic  measure. 
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Square. 

Area  =  square  of  one  side. 

One  side  =  square  root  of  area. 

One  side   =    square  root  of   J   the   square  of    the 
diagonal  •»  diagonal  X  .7071. 

Side  of  a  square  equal  to  the  diagonal  of  a  given 
square  contains  double  the  area  of  the  given  square. 

Side  of  a  square  that  will  equal  the  area  of  a  circle  = 
diameter  of  circle  X  .8862  or  circumference  X  .2821. 

The  diagonal  =  square  root  of  twice  the  square  of 
one  side  —  one  side  x  1.4142. 

Trapezoid. 

Is  a  figure  with   four   straight  sides,   two  only   of 
which  are  parallel. 
Area  =  J  the  sum  of  the  lengths  of  the  parallel  sides 

(^  perpendicular  distance  between  them. 
Trapezium. 
I        Is  a  figure  with  four  straight  sides,  ho  two  of  wliich 
I     are  parallel.     To   find   area,  divide  into  triangles  and 
:     find  the  area  of  each,  and  add  together. 
I        Triangle. 

Area  =  base  X  J  perpendicular  height. 
Area  «.  J  area  of  a  parallelogram   having  an  cciiial 
t'ase  and  height. 

Area,  when  the  length  of  the  three  sides  are  given : 
Find  half  the  sum  of  the  three  sides,  and  from  it  sub- 
tract each  side  separately.  Find  the  continued  product 
of  the  half  sum  and  three  remainders  and  extract  its 
square  root;  the  result  is  the  area  required  or  l)y 
logarithms.  Find  the  half  sum  and  the  three  remain- 
ders, then  find  the  half  sum  of  their  logarithms.  The 
number  corresponding  =»  area  of  ^  require:!. 

Area,  when  two  sides  and  included  anj^^lc  arc  i^ivcn, 
see  figure  21. 

Rule. — Add  together  the  logarithms  of  the  two  sides 
^nd  the  logarithmic  sine  of  their  included  angle ;  from 
this  sum  subtract  10 ;  the  remainder  will  be  the  logarithm 
°f  double  the  area  of  the  triangle.  Find,  from  the 
^ble,  the  number  corresponding  to  this  logarithm,  and 
<^ivide  it  by  2 ;  the  quotient  will  be  the  area  of  /  \  requir- 
®<I  or  one-half  (product  of  the  length  of  the  two  given 
Sides  X  sine  of  included  angle)  —  area  of  ^\  required. 
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trolent  area  in  auv  ot!ier  square  measu^'^' 
^  FoTejgD)  see  Tables  24  to  30  inclush^ 
!  of  circle  of  given  atea  /  .%%i.\  ^  ^^<^^ 
auiValcnl  area. 
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Table  No.  52A. 
JS'  to  29'  II' 


8 
XO 

O 

X 

3 


346,36(16 

360.2414 
363  050:1 

365.Sr?0l 

371  .H24 
374,3y^9 

377.Vr*| 

ft83.ni8fl 
3S6Jltl[ 

400,SM& 

4Dfi.4@2S 
4»fl4tftl 
41^.4WJ 


01a,  CtrtHMt 


TO^Oima     4W.«07 

79.»J«8l     607.C7a7 
iO.11061     


415.47ifi    38   0 


4S:04OT3 

4S.fi6ae:l  I  430.66M 
43.ea743     433.7361 

44^SSSJ03 

44.»74e2 
'    75.3982-^ 

'    7©.lJtia32 


4Jfl,491» 

424,^=i&S 
427.6057 


4!W.S177 
4a9Afl02 

443.0]  »7 
44C.1LW0 
44B.^'t; 
45^2,:JS93 


MAmk 

&U41M1 

S2L3Ciiaai 

S1466K1 

mM4m  soAJom 

Ba,776So  56a.aDa4 

ir    g4.0^(M)  5«2jCMlU 

10  a4,2BQ40  66a&08& 

11  W5612»  iSeB  — 

1    a'J.OCMiO  b76. 

Sa.«li84(>  «ia.OT?2 

S5.B7020  5^77^7 

Sfl.39380  6aS.Ri74 

86^3560  fi*T,66M 

ae  .91740  601.17K 

BiaTV-^U  TO4J067 
5(».443li 


76.4-1542     W6M:J0 

76.7t)7;2'^  I  4ltM,2;j,^? 


S      77,7544- 
1  I 


-11 


,  78i27Wi 


4:i.4:iV^ 
'1"J*>J77 
n7Ji7ll 

4«1.10Vf 
4a4Jlfi(J7 
4&T.fi(J&J 


37.44100 
W.70279 
87.9S4S9 

«a.4ssig 

88.74999 


Irfft. 


fia».7e8i 

684.a^ 
&37.7JS7S 
54  U£^ 
544,6300 


»u.ou79   §aajbtm 


1 

2 
3 
4     _.„...  ^ 

6  89.2735B 

7  ;  ^,7EI7ig 
«  90,05899 
0    SO.iiSOTa 

"^  80.58259 
90.^39 
9L10gig 
91.36790 
91,02979 
8LeSl59 
P2.1!S331J 
^J4151S 
W2.6769S 
92,93678 
93,aWog 
93.4«2Jt8 
93,73418 
9»,S)tt598 


G12.0924 
ftlUfi22 
619.4228 
^.1014 
«2B.7968 


63l2l4r» 

641.P758 
B46.4i!2K 
&49.1S07 

652,i49„ 
656.7292 

6M,S2H 
6^1339 
673.9f3ri 
«75.7Sin 
679,fl&l? 
0S3.49y8 
6a7jm7 
691.JKir7 
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ri>  .ArKv%s  of  Circles  kor  Each  Foot 

LJ*-'l-#jr     01=-     A    F"00T|    IN   DlAMETKR    PkOM 

P4S'  to  59'  ir 
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C^li-«tKiar. 


xeE-26*i 

iax^T»2a 

X©l£-S392 
X03.1010 

ie4.41O0 

166.7190 

165.0806 

167,^98 
107.5516 
167JHS4 
168.0752 
I6a3370 
l68J5a88 

160  J^4 
169.3843 

ITO.IflSQ 

170.««2 
170J35O 

l7L47Sfi 
171J4IM 

172.0022 
ITa-JMO 


Ant. 


t963.>ie&4 
13^0,0456 

ltr7a.eiQ72 

1083.  L79i 
l&^7e% 

-J0(»2.yffi7 

a]OU.ci77a 

M3aaso£ 

1^056. 1M2 
20e2.8S7<| 

2083.0729 

^103.^154 
:;  110. 1219 

aiw,oij"i3 

212:l7}6ti 
2iao.a2S9 

2H1.1S61 
215L0810 
2167.88M 
2l61.7fia7 
217I.S3U 
£l7lUi200 

mmAm 

2192  329& 
2lE>9'i5L2 

2206.IB;^J 
2213.126Q 
2220,OaM 
2227,D4fi6 

2S41jO08£ 
12348,0069 
2:^56  J>146 

23W,0644 
227ft.lO&7 
22S3.1570 
2280^210 
«2fl7.2S61 
2acM.360C 
23U.i769 
33m£8a6 
23a&.700S 
2832.a2e^ 

:aae.P6M 

2347.1138 
2SH.28D1 
2a«L4&2S 
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»t7SJt7»t 

3S97.4T70 
2401.7116 

»iS3.7744 

2466  6037 
24iB3.Wee 
S470.St4) 
2477,fl«l2 

^9'J.4I74 

2S0'7.187R 

Z*>22,O0dB 

a^6hft7t» 

t^4.aoiia 

25S].7.'i»« 

2a».70jrj 

2674.1016 
25fll,«01(> 
2589,2014 
25fiS.7Z27 
2fiOLaM<i 

2aiL7Wn 

2QIS.S5^J7 

2e2d.fl]eo 

:»3l4dQ7 

;sa42.07M 

26«>.677l 
2SG7JZfi^ 
246400&1 
aG72.£S54 
2880,17*7 
2G87JI^ 
26SG.4D:^» 
2TOS.HWI 
27I0,S00ft 
271S.£4ft7 
2726.25,14 
2733,fl7in 
274Le90* 
27|ff.4a00 
2767.1893 
27SJ.ftM)e 
2772.722& 
27B3.5CKJB 
27e8.£0«8 
27P61047 
2903.aK>5 

.    2Sll.?47a 

I&a/id9«    2aiOj6»40 


V 


^-^♦ti  —  contents  of  Ruund  Tank  a  jn  cubic  feet*  iaj 
^      *        II         "       gallona. 

S5i^  ^>I  ^^i'  Si^*^  Measure  multiply   W  ^7  pi:o^^ 
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11 

Z73,056» 

msA^im 

57  5 

341.9U26 

4(i56t;:ii7 

^  Q 
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275,31  &fi 

5044:6787 

1 

242.1644 
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I 

257  6724 

5231-7505 
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27:v5l501 

bm-m-jA 

2 

212.4263 

4676^806  L 

2 

258.134^ 

iK«>2.506« 
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5967,4171 
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2M^&m 
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•l'j%,mfi 

ayi3.,'JiJ77 

a 
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10^7  .toJl 

4 
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Wl  3/2047 

7 

243-7352 

17'J7,447a 

7 

2;ja.44:s-i 

53Sfl,4a>9 

7 

275.1512 

6024.66^ 

0 

243.9070 

4rJ7.$0'iO 

8 

25y.706O 

5:367  23a& 

8 

275,4130 

Q036J340 

i} 

214.a5«8 

4747.7H1(I 

9 

25a.96«aj 

5378.U630 

9 

275-6748 

6047.6140 

lU 

241^206 

4757.0631^ 

10 

2fi0.22»(i 

538^-9004 

10 

275.9366 

6i^.ioeg 

li 

341.TS:» 

47ea.l,'^h77 

11 

2iK).4904 
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n 
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eo7o.«Hr7 

m  0 

1 

215j04^ 

477^3624 

§S  0 

a:o.752-2 

&410,6af7a 

m  0 

276.46U2 

6083.1234 

24£3M0 

4788^7S1 

1 

261.Q140 

W21.4731 

1 

275-7^*0 

60^.6480 

3 

2.16.5673 

47B6iiCH6 

2 

L*1ilJ7»*8 

&(32.3&^1 

£ 

275,96;^ 

£106.1835 

3 

S^.S395 

4B09.0120 

U 

■^aiSi(T6 

&4I3.2511 

3 

277.2466 

6116.7300 

4   24a.a9u 

4S19.29(H 

4 

261.71^4 

54541539 

4 

277.6074 

6128.2373 

h     24fi.3532 

4tt^3.»4il7 

& 

2(12,0612 

5465  0677 

fi 

277.7SS2 

SlSQA'h'ffi 

a     24fi.fil50 

4S3a.Sl'J9 

6 

2S2.a2:J0 

W7&^9S'^ 

n 

'278,0303 

6151,4348 

7     210.8768 

41i5O,l<l0a 

7 

2623848 

5486.9279 

7 

278,29'i7 
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H 
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4i»0.3gr2H 

8 

'^iftlfHS 

54^7.6744 

8 

273,5545 

om.e-^ 

« 

247.40Ot 

4870egs5S 

9 

263.1W 

5503-8318 

0 

278.81(53 

6186,2377 

10 

247.6622 

4sei.DQf)e 

10 

2P3.37l*2 

6fim8001 

10 

279.0781 

0197  Jd06 

It 

247.^240 

4801,334a 

11 

!!B3  63^ 

5530,7793 

11 

279.Kir/J 

^09.4943 

7»    M 

24a.lS5fi 

4!X>l.66g9 

M   U 

26a  8^*8 

^^i.tm 

Bl»  0 

27y.fi0l7 

K521.138^ 

1 

24^4476 

4912.0165 

1 

L!ftl.l5!J6 

5652.7705 

1 

279.86a'i 

6232.7^ 

'2 

248.70M 

4y(2Z37i9 

'2);l4174 

55«3.7824 

2 

2R0,1253 

6244.4604 

b 

24aS7l2 

49SI17423 

3 

2r>4,679'i 

5.'i74.8053 

3 

280.38171 

6250.1^2 

4 

t»»ja30 

4943.1215 

4 

2S4.9110 

5535-6390 

4 

280.6439 

62^7.8264 

5 

2I9.4MS 

4953,5117 

5 
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55U(;.S837 

5 

2811.9107 
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e 

24».7&e6 

4863!*127 

6 
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e 
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7 

250.0184 

4^74.3347 

7 

255.7261 

&611J.00&7 

1 

23L434:) 

6302,9666 

8 

250.2B02 

40^4.7476 

B 

2«.^.t)8e2 

663)10Sai 

S 

231,6961 

63146885 

9 

250.^20 

4995-1814 

9 

L>6&,2SQn 

ft64l,l714 

9 

2H1,9579 

R326.4313 

Id 

250.90as 

5006.6261 

ID 

i^srt..Mihi 

5652,270e 

10 

'Jfi2.-il!J7 

6333. 1R50 

11 

2&1.0656 

5016X1817 

11 

■J)Bti.:73tl 

3653.3807 

11 

2l$2,491g 

6349,^09 

Area  X  depth  -  ton 
(a)      X  7.m      = 

tents  of  Round  Tank 

5  in  cubic  feet,  (a)    ^H 

ih                      it                  Hi                           ti 

-'  gt^lloas,                 ^H 

(aS      X  Ml       -^ 
For  contents  in  HJJ} 
cqni^'^Ient  in  Table  K 

hi 

IL                (.             il                    +- 

''  tons  nt  MvaUT.     HI 

r  other  measitrt;  mu 

lUp\v    C^^  ^^  i^t^ai^^ 

1^1311  l^inK 


iut  CiitCL-te^  roa  Each 
iwm  WmoT)  tm  Diameter  Pi 


Tti  fiti^l  cqu IV  silent  area  in  any  other  square  me 
rU.  B.*  Mtlri*;  or  Foreign)  see  Tables  24  to  30  ind 

Cirtnamfcrcnc©  of  a  circle  of  given  area  ?<^  .zSseJ 
(,f  n  square  of  equlvulent  area,  J 

lo  makidg  rapid  mental  calculations,  involvi 
iiquJiris  of  TUtmbers,  such  as  diameter  squaxedJ 
itquttrod*  making  comparison  of  round  and  sqtiafi| 
,  it  will  be  found  convenient  to  reiB 
,  j^  difference  of  the  squares  of  two  cohm 

whole  munlM/p?^  —  the  stim  of  the  two  numbers,  i| 

_Sa^-7744  1 

Hum  -  m    -*    ni  «ae  dvftej^i^^.   " 
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Tabk  No,  S3.                                          V 

■j^PMFERENCKS  ANU  AreAS  OH   CfKCLKS  KiJli  EaCH    FoQT^B 

^m     AND 

rENTH 

fiF  A  Foot  in  Diametfk  From            ^M 
O'J  to  It' J,                                    fl 

1  «li. 

dreamf. 

Af««. 

Miu 

aramf. 

AriA. 

Mfc 

CiTcmmT, 

Arw. 

«J 

.5141&9 

.007aM 

«.3 

19.79203 

3M724A 

If .9 

30l3aWl 

122.7185 

.2 

.fl2S319 

OlUIfl 

.4 

20.10619 

32.16991 

e 

39::Sai07 

l24.flB8»           1 
(26,6760           ! 

^ 

.W217S 

.070686 

.& 

20,42035 

33.18307 

.7 

30.83»28 

A 

1^256637 

.126064 

.6 

20.73451 

34.21^94 

.8 

40,21239 

12Sja796 

^ 

1.5T079C 

.1963&0 

.7 

21.04867 

35.25632 

9 

40.62655 

I30.eiftl 

^ 

LSM9M 

.^82748 

^ 

21.36283 

36^168) 

110 

40.81070 

18X732S          1 

.7 

il9»115 

.3*11415 

.9 

21.07609 

:)7.3fl2Sl 

.1 

41.15«fl 

1S4.7822          1 

,B 

aai32f?4 

.S02665 

7.0 

21.M115 

38.43451 

.2 

41.40902 

130.8478 

.9 

2La3743a 

.636178 

.1 

K,30S3l 

30.59192 

,3 

41.78318 

188.9291 

IjO 

aiiis»3 

.785398 

.2 

22.fil947 

40.71504 

.4 

42.013734 

141.0U01 

a 

3.4G&702 

.^0332 

.3 

22,93368 

41.85387 

Ji 

42.111&0 

143.1388 

^ 

a7K»9ll 

l!fe7M 

.4 

23.34779 

43XHI&40 

.6 

42.722)66 

H5.:K72 

^ 

4J084D70 

Xt 

2a.SAlM 

44.17Bft5 

,7 

43.039«2 

147.4114 

A 

4.S3g23Q 

L53S38 

^ 

23.87610 

4».36460 

.8 

43.35808 

l49Ji7l2 

Ji 

4.7X2389 

L76719 

.7 

24.19026 

40  566^ 

.9 

43.66814 

15L74M 

j6 

5.02S&4a 

201062 

3 

^.50(42 

47:78302 

HO 

43.98230 

15L99fl> 

,7 

b.340raK 

%2sm 

.0 

24^1858 

49.01670 

.1 

44.20046 

156.1450 

B 

5Lfi5ia67 

2,54489 

8,0 

25,13274 

50.26Wa 

.2 

44.61062 

158^3877 

3 

&.K9Xia 

2^952& 

.1 

2.1.44090 

61 ,52907 

^ 

44.92177 

lea.ODAl 

ao 

e.2S318& 

3.1415a 

.2 

25.78106 

62.81017 

.4 

45.23893 

iisu»s»i 

.1 

«,£S734& 

3,46361 

.3 

25  07522 

54.10608 

^ 

45  55339 

165.1330 

!  ^ 

6,911504 

»B0l3a 

.J 

2rt.a*F93a 

6,1.41789 

,6 

45.B6725 

167,415& 

'  s 

7.225663 

4.1547fl 

^ 

26.70354 

60.74502 

.7 

10,18111 

lOO.TlfiT           1 

A 

r539a.'>I 

4.52389 

Jl 

27.01770 

5808805 

J& 

46.49557 

172.083B 

£ 

7.853SS2 

4.90874 

J 

27  63186 

59,44079 

.9 

46  80973 

174.3663 

.a 

8.16814] 

5.30929 

^ 

27.64002 

00.82123 

1JS.0 

47,13380 

176.714* 

J 

8.482300 

6.72555 

.9 

27.30017 

fi2,2113fl 

.1 

47.43S0S 

179.07n 

JS 

fi.7a6469 

6.15752 

».o 

28,27433 

63,61725 

a 

47.7522  L 

181.«fiS4 

1  .» 

9.11 oeiy 

6.6Q630 

J 

28.5SM9 

&\038a2 

^ 

48.06637 

lS8i688 

iiLja 

9.42477S 

7.068158 

:a 

28lU036S 

66,47610 

A 

48.38053 

180.2660 

'  .1 

9.738337 

7^768 

^ 

29,21681 

07.92900 

J6 

48,69469 

188.6919           1 

1  ^ 

lOCfiaiD 

&0124B 

.4 

29,53097 

69.3ffT78 

.0 

49.00885 

101.184i» 

•* 

10.867Z© 

&55290 

^ 

2BL81513 

70.88218 

.7 

49.3:^00 

193038 

A 

10.68U2 

9.07920 

4 

a04S929 

72,38229 

,8 

45.(^16 

:^m» 

^ 

10.99557 

9.62113 

.7 

30.47345 

73.S9S11 

.9 

49.95133 

l3aJSH» 

J 

11.30973 

10.17BTO 

^ 

30.78761 

76.42964 

16.0 

50.26548 

201^019 

-7 

11.02389 

10.75210 

J 

31.10177 

76,97687 

A 

&0-57BM 

203.5831 

JS 

11.93803 

lLft4ll5 

10.0 

31.41593 

78.53982 

Ji 

50.39330 

206.n9» 

A 

12<,2SSS1 

tLW5ei 

J 

31.73009 

80.11847 

-8 

Msofm 

aM,6?i4 

40 

12^16637 

12.50637 

.2 

32,01425 

81,71283 

A 

stjisaia 

211.A107 

1 

12.88063 

13292&f 

^ 

32.35840 

83.32289 

JS 

51^83038 

213  H340 

i 

L3.194G9 

13.85442 

.4 

32.67350 

81.94867 

.6 

52.15044 

:il5;4343 

.3 

la.&oeea 

14.52201 

j6 

32:98672 

eejipois 

.7 

62.46460 

219.0397 

1    A 

13.823QL 

15^90531 

,6 

33.30083 

88.24734 

S 

52,77876 

2iI16708 

:     ^ 

U.13717 

19.90431 

.7 

53,61504 

B9.92(»24 

3 

KLOsaea 

224,3176            1 

,ft 

14.4S1K3 

101903 

3 

33.929^20  1 

91,60884 

UO 

63.40708 

2^3801 

.7 

14.76M9 

17.34945 

.9 

S4.2433G 

93.31316 

.1 

53.72128 

229,6583 

1    A 

1S.07M4 

Jfl,09.'-x'->7 

11.0 

34.^1752 

95.03318 

.2 

&4.035TO 

232JS:!2Z 

'  .» 

V^.39BS0 

18.85741 

.1 

34.8T168 

P6.76891 

S 

51.^055 

235:0618            , 

50 

tA^TOTTK 

19.634fl& 

a. 

35.1S5S1 

08.52i>3^ 

A 

64.66371 

237.7871 

.1 

10103212 

20,43821 

,3 

85.50000 

100.2S75 

^ 

51.97787 

310.5283 

^ 

lasBcss 

21.23717 

.4 

35,81416 

102.0703 

.6 

5&.292ri3 

313.2819 

J 

l«.«e044 

,5 

36.12831 

106.8689 

J 

65.6(1619 

^.0574 

.4 

lfi.«S460 

22.90231 

.6 

36.44247 

105.0833 

J8 

65.92035 

245^16 

1     ^ 

njpisM 

23.75629 

.7 

36.75063, 

107.5132 

J» 

M.23461 

251.6494 

JS 

17.59292 

31.63000 

^ 

37.0HI79' 

100.SSB8 
(11.2303 

IBjO 

56.54867 

251.4680 

■     J 

17,eOTO8 

ssjsnso 

JJ 

37.3849& 

.1 

56.36283 

357.3013 

■     ^ 

18.22124 

26.43079 

110 

37  699U 

113.0973 

'  ^ 

57,17699 

^-jeo.is.'a 

-.^ 

iS.SSilO 

27.33071 

.1 

88.01327 

114.9S01 

Jt 

57.49115 

263.0230 

6-0 

ISvB^OH 

S8.27433 

2 

38,32743 

il6v8887 

A 

57.80530 

266.9M4 

.1 

19.16372 

29J224S7 

J& 

88.fi4l59 

118.822^ 

-5 

58.1194(1 

268.81125 

Ji 

19.47787 

30.10071 

.4 

88.96575 

120,7638 

J& 

58.43363 

271.7163           j 

Area  X  dep 
(a)      X  7.45^ 
(a>      X  JBJ 

Lh  —  con 

;enlS  of  Rciund  Tanks  in  cubic  feet,  (fl)                J 

=, 

"   gallons.                          1 

.^ 

'■       ''            *■       '*  totkftot  w?lUi:.             1 

Fo 

mlentin 

'^  in  noy 

TaHeNo.51D,                                          i 

FKRKNCES  AND  ArEAS  OF  ClRCLBS  FOR  EaCH    FOOT          1 

^ND  Tenth 

OF  A  Foot  in  DiAMKTKii  From                    ■ 

L 

74.5  to  93;                        ^m 

F 

lKCLi:SIVE.                                                        ^^H 

ftHL 

IreA. 

pin. 

Clreuur 

AtL'lL, 

DU. 

ClrfttMn 

Arm. 

^ 

4339.1iJ6^ 

H^.-i 

3tt3.5L'f.'> 

6J 14.8977 

ms 

^mj&m 

5«ai,aaoft 

hsim 

i370.S664 

3 

!ia3.ftMi7 

61/7.&ftW 

BTjO 

37s;nw 

5M10787 

HfiTTO 

iSSZ^H 

.9 

2r>4,i5.ijj 

M40.2Sie 

.1 

373.6327 

5»e8LlG2!6 

te 

43813311 

ttl.O 

2*i46LJO 

5162.99^4 

2 

273.9M« 

6072M2O 

^ 

4405v09ie 

.1 

2&i7!Sfi 

516r»-a!fl7 

.3 

274J»10 

fi«B,7l75( 

fiim 

4417.&&47 

.? 

255.097a 

517S,^7&7 

,4 

374,5753 

59W.4C81 

Ef* 

4429.eKfe 

.3 

255.4  U5 

^m.-jn^i 

.5 

274.88H 

eai8L2047 

f^TS 

4W1.4&80 

.4 

255.7i-j4J 

520-1 .1)1641 

.6 

W&JSOK 

6920.9670 

um» 

445S.27S3 

.5 

25«.03UB 

6218.eil0 

.7 

SM^ITT 

6040.7260 

S^ 

4165.1112 

M 

2M.3&40 

6229.620*1 

.8 

C05tlW8« 

£?*^ 

'i4'':).*Vi3 

J 

2M.6661 

6242.445;^ 

.9 

276.1460 

6008.301(3 

«X14 

4-l^^.ti:ti-2 

.8 

2WJ,0aS3 

5255,2876 

8S.0 

276.4602 

6082.1234 

SiSfi 

istXJ.VK^ 

.y 

'ia7.:iiH;4 

b2f>»im 

.1 

276.7743 

«0MLfl642 

[g-j? 

45iifii:>r 

S3.0 

357.ei00 

62»i.om 

,2 

277,0886 

6109.8008 

i4r»9 

i'^24.:.LnHj 

.1 

257.9'243 

5293.£HJ&B 

.fl 

277.403B 

was^Msi 

i>10 

d5i«j.-li^ 

.2 

2^.2il«9 

630e,B097 

.4 

2:77.7ie» 

61B7.64U 

Z52 

1M8.4067 

.3 

2SS/»a3t 

5319.7295 

.5 

2^8.0909 

616L4S48 

SS 

4560.3G78 

.4 

256,867^ 

533SL.fl«50 

,6 

378.3451 

6166.3442 

?^ 

4571L344G 

.& 

S59.1PH 

5M5.6162 

.7 

278.6693 

6179.35»3 

L^^ 

4Aft4,3r7 

.6 

^j9.495e 

&SG&ee3'2 

.8 

278.9734 

6198:2101 

»ia 

4^96.34^ 

.7 

2S9.80W 

&371.UfiB 

.9 

279.2H76 

6207.1666 

S2P 

4Nfl.ff7Q8 

.8 

2eOJ239 

hsmJBBAl 

8».0 

270.6017 

6321.1388 

103 

4«a(>.41lD 

M 

2(0.4^80 

6887,67fl2 

,1 

279.9169 

028Q.126S 

I^ 

46S£4€69 

Ba.o 

260.7522 

5410.607^ 

.2 

280.2301 

624»J»4 

Ss 

4U46364 

a 

S6J.06Ca 

&423.6S&4 

.3 

SB0.5442 

62684498 

^ 

4a5&6257 

.2 

2C1.33<» 

6436,7146 

.4 

280.8584 

6377  JU« 

L*^ 

46BS.72S7 

,3 

261.G&47 

6449,7915 

.6 

2fiLl726 

e29t.28a« 

f£« 

«80,M74 

.4 

262,006^ 

546^8640 

6 

2814867 

6306,3021 

1^1 

4flQQ,981S 

J 

£62.323)5 

W7&.993:! 

.7 

281.W009 

6319.3843 

^ 

1705.1R19 

.6 

2S2P371 

ii4B«Jl63 

.B 

3824150 

6338.4821 

£24 

4717.2ff77 

.7 

2i5^2,fl&13 

.'j502,2561 

.9 

282.42W 

6347,11668 

*>e 

4729.4V92 

,8 

s;s3;ie5.5 

6616,4115 

00.0 

282.7433 

6361.TZU 

?^7 

4741.6765 

.9 

2ii3.5796 

552&.A8-Jfi 

.1 

283.0676 

6376.0701             ' 

^ 

84.t) 

2Kl,«93e 

5d4l.76&4 

.2 

283,3^717 

6390.0309 

SiC^l 

4766.11«1 

,1 

2M.2079 

6654.9720 

.a 

283.6e» 

6401.2076 

1^ 

4778.3624 

.a 

2S4.5221 

5668.1905 

.4 

2S4J0OQO 

0418.3906 

^ 

47flO.S235 

.3 

2&^.8363 

5SSL4242 

,6 

284,8141 

*4ffii.e07B 

2^ 

4B02.8Q4S 

.4 

26S.l&i>l 

5a94.fi739 

.6 

284,6283 

6446.8300 

5«7 

4S1&.1B97 

Jl 

2fi&.464e 

6^07.9392 

.7 

284.9426 

64S1.07O1 

5«9 

4827.4969 

.fl 

2&5.77S7 

6621.2203 

J 

286.2666 

6476,3261 

i*o 

453»,l»19e 

,7 

266-TO29 

5634.5171 

.9 

285.6708 

6489.69AB 

^aa 

4fi52.1&&4 

,a 

266.4071 

5&i7,S296 

Bl.O 

285.8M9 

6508.8822 

^M 

4864^1^ 

.9 

266.721^ 

5661.1578 

.1 

286.1991 

6618.1843 

&^ 

iST^sa^ 

S5.& 

2S7  3364 

5674.5017 

S 

2H6J&1S3 

e632JX>31 

«>17 

4889.26S& 

.1 

267  5W95 

6eS7.S6l4 

.3 

2BB,85!7* 

6546.8366 

^«66 

4901.6699 

J3 

2S7*637 

67^.2367 

.4 

287J41& 

6661.1848 

£000 

49L4.0(m 

Ji 

367.9779 

5714.6277 

.5 

287.4567 

6676,5498 

f^m 

4KW.519S 

A 

26S.2ftaO 

5738.0346 

.6 

287,7699 

6589.9304 

L=S3 

4i>3a.9eB5 

ai8.6062 

674L4669 

.7 

288.0840 

6604.8268 

HJ6 

4931.4328 

26R,92»3 

67&tB9&l 

.8 

238.8982 

«61fl,7388 

?^ 

4963,91^7 

26©.2jy;> 

&766.B490 

.9 

288.7124 

6633,1666 

>7Cffl 

437C.40&4 

!i09.MSe 

678L«ia;'j 

«.o 

£89,0265 

6647.6101 

^a 

49gSJigiS 

2B9.a6311 

5Te&.30(3» 

J 

239.8407 

6662,0692 

aftji 

&00L4469 

&sio 

270.1770 

5ao&8Me 

^ 

289.6548 

66765441 

^133 

&013,<>837 

7fOAm 

6822,3216 

^ 

289.9C90 

6691.0347 

to* 

&026.Mfl'2 

270.eite.1 

5836,6539 

.4 

290.2832 

6705.6*10 

&ii6 

S039.122S 

271.1194 

5W9.402O 

^ 

290.6a73 

6720.0630 

efi&7 

soeijr24 

27L4336 

^862.9669 

.fl 

290.9115 

e7R4.Ctt»8 

Sfiw 

60M.B1W 

271.747» 

5S76.A464 

.7 

29L225G 

6749.1642 

«e4a 

£076.0394 

272,0619 

5800.1407 

M 

291.6398 

6763.7233 

«9B1 

A08&.&7M 

272.3761 

hVJ03.7516 

.9 

2S1.8M0 

6778.3083 

^m 

fil02^t292 

272.6902 

6917.JJ7SS 

Ot.lf 

292.1681 

6792.9087 
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^■tritKEKEXCRS  AND  ARRAS  OF  CIRCLES   FOR  EaCH   UnIT      ^| 
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■                           f^to2dM                                        ■ 
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OlfMOt 
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DiUB, 

(?ImBr. 
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DIu. 

Cim^r. 
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>4t     Mtwim 

.ooaiw 
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ia.9Bfit 

tjSni 

lOM 

91J0H 

»JW 

UH 

».4T97 

MI.D4 

P«i    .fiHit;> 

owrt 

H-IH 

ILlitlt 

9WI 

J1.V11 

M.MI 

H 

«v.m4 

IM.H 

>«i      .147383 

jai7:i 

** 

U.!Wi3 

lOJTl 
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.MWHI 

lis 

Itf.Te-JT 

l!i.!«l 

7i 

siMa 

m«j 

«,(m» 

a%n» 

m    Jftt^TS 

JOtflS 

^€ 

?i6aL 

]3.»1 

^.mi 

191 .« 

«i.i«« 

WBDl 

M    «nM 

.urjfllO 

3.|li 

Ulidl 

la.TTt 

M.iatj 

tA81 

N 

t4.THa 

il4.l9 

n  lOTWj 

.«>1 

1^ 
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w.6vn 

I2fi.l9 
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i.ijsa 

lew 

woou 

lIT.Sl 

}< 

M,T«a 

31i.lW 
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I.lB 

i^ll 

lom 

41  .flail 

13TJ» 

H 
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S7.1K 

m 

^.WA 

7ti|.« 

79,9921 

tlLlft 

M  LMU 

ijhusi 

I. 

9MI&L1 
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H 
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^ 
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>i 
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iiflRI 

H 
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H 
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H 
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a. 

-fti.tti* 
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\ 

5*,HM 

*B.TDr 

IT. 

63.«n 

299.fl8 

a3.l3T4l 

Wffl 
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9. 

KklSlt 

sa.»5 
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790.9ft 

a2.4fl» 

£l1.1<» 

■  |t.imi 

*^m 
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H 
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IM.II 
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btnJA 
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^ 

?ai*iwi 

l^4H 
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237.  to 

t9.Jfl» 

btlM 

t.S  KSg 

S.4tlS 

IMJUftl 

S^Mfl 

fi4.«7rf 
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83.«41» 
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^1T 
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M.T4S 

ii^^m 

1I3.9K 

N 

64.Aa?(l 

H3.C9 

4^1^ 

SJaan 
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RS.iH 

% 

!>^.mi 

2l7.4fi 

W.rtfW 

m,7i 

k3t» 

JI.i8flfl 

40LIK 

btAim 

TH^.9fi 

w. 
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6T1J* 
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HLBfX 

ift 
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M 
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BTT.8T 

*.T|7t 

a, 

«  3TM 

K.»TI 

)i 

M.WU 

««,in 

!* 

W.Sflfll 

A.^.31 

T.dtiA 

W.OeTD 

tt.aai 

fiT.W41 
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s 

j>«.acjLi 

^"W.M 

Tttftl 

fflOLi^ 

(ST  SflT 

AT.TW 

»fr.lB 

H 
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1.1  .S^^^« 

«I.Ui4 

1)9.030 

BA^IW 
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H 

!M.TK^ 

191.47 

i->liU3n 
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5* 
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S 
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^SK 
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H 
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Ti.wa 
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S 
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Ii 
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^'or  decimal  equivalents  of  fractious  of  an  inch  or  other 

i»it»  see  Table  No.  15. 

Area  X  depth  ^  contente  o£  Rdund  Tanks  in  cubic  feet.  Ca> 
(»}     X7M      =         '*          '*        ''            '*       *■  gallons. 

(a)     X    Ml     -         *'          ^^        '*             *'       *'  tona  of  water.             ^ 

^^etmieats  in  &ny  oth^r  measure  multiply   Ca^J   by  t>t(ipeT    fl 

■ 
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For  decimal 

equi%^alentJ^  of  fractions  of  an  inch  or  other 

[ait,  s^ee  Tab 

le  No.  1 5^ 

Area  X  depth 

in)     X  7,4k 
i*)     K    Mi 

=  contents}  of  Round  Tanks  in  cubic  feet.  Ca) 

=         "          '■'        **             ■*        ''   gallouia. 

'        <^  tOTVftot  watet. 

For  doattf/Tts 

n  auy  tst^er  meatiiirK  multiply    (a)  "tiY   "Vt^iSi«R^ 
We  Nb.  5^>  ^  or  3-J.                                                                1 

J 

■ 

^mrxhat  in  T& 

OFsnunR. 


v=if.ajj  ;fwj 


na*;;       fmt-haJ:  snir  of  greatest 

:i^i  - :  nr  -nen  m  r  u  la-  hei^rhtfi  or  tret 

■  ~  ^    .     -.set-  nnrure  o. 

.— r>?.o-<er.Tio:.  ill  n^h:  angles  to 

.jTTT-r^V    s«n-    o:"  greatest  and 

— •  ■  r:cuirm>  n-  lengths. 

<.  ■*'..:     .      (■■  :  -  *g  m.  ^  :— see 


,   nian*.    cutj-  o-  tonches  base 


Vokme 
or  = 
,  Contents 


Volume 
or   = 
Contents 


.     Cnht 

^  cube  of  length  of  one  edge  or 
1.Q0985  X  volume  of  an  inscribed  sphere,  or 
1.27324  xvolume  of  an  inscribed  cylinder,  or 
3.81972  X- volume  of  an  insciibed  cone. 
The  diagonal  of  a  cube  =  1.732  x  length  of  one  edge. 

"  *'  '*       **     =  diameter  of  a  circumscribed 

•phere. 

Cylinder. — Circular  or  elliptic,  right  or  oblique. 

area  of  one  end  X  perpendicular  distance 

to  the  other  end,  or 
area  of  cross-section  perpendicular  to  the 
sides  X  the  actual  length  of  the  sides,  or 
3  X  volume  of  cone  whose  base  and  height 
are  =  those  of  the  cylinder. 
Ellipsoid. — (Sometimes  called  a  spheroid.)    Is  a  solid 
fenerated  by  the  revolution  of  an  ellipse  around  either 
ts  short  or  long  diameter. 

When  generated  around  its  short  diameter  it  is  called 
ui  oblate  ellipsoid. 

When  generated  around  its  long  diameter  it  is  called 
an  oblong  or  prolate  ellipsoid. 

Volume  or  Con  tents  _  I  square  of  the  revolving  diam- 
of  either  Ellipsoid  ~" )      eter  x  fixed  diameter  x  •  5236. 
Frustum  of  a  Cone  or  Pyramid.     (With  base  and  top 
parallel.)  Regular  or  irregular,  right  or  oblique. 

Let  B  represent  base;T  the  Top;  P  the  perpendicular 
distance  between  B   and   T;   and  C  represent  section 
parallel  to  and  midway  between  B  and  T.     * 
We  then  have : 

(area  B  4-  area  T  -|-  mean  proportional 

between  them)  x  i  P,  or 
,  (^area  B  -f-  area  T  -|-  -/area  B  xarea  T) 
xiP  or 
(  area  B  -|-  area  T  +  [4  x  area  C] )  x    1    P. 

Frustum  of  a  cylinder: — see  prism,  frustum  of. 

Frustum  of  a  prism : — see  prisims,  frustum  of. 

Frustum  of  a  wedge — prismoid,see  wedge, frustum  of. 

Irregular  Solid. 

Volume  or  Contents  =  area  of  generating  surface 
^  length  of  arc  described  by  centre  of  gravity  of  the 
generating  surface.  If  the  arc  described  by  the  centre 
of  gravity  is  360O  or  a  circumference,  the  volume  =  area 
of  generating  surface  X  6.283186  X  radius.* 

•Radius  ==  distance  of  centre  of  gravity  of  the  figure  from  the 
■xi« of  revolution.  Axis  may  be  one  of  the  sides  of  the  figure  or 
Ijoy  other  axis.  Radius  must  be  measured  perpendicular  to  axis. 
To  find  centre  of  gravity  quickly,  cut  out  to  scale  on  card  boat  A. 
^T pattern  lumber^  the  generating  hgure,  and  balance  ona  po'mt. 
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i      Volume 
j         or     = 
Contents 


:  — ^\  soil  J.  peneraied  In-  the  revohitionfl** 


\ 


■-:r^:»ijj.':..  — 


z\rtu,  c:  nas-.       ;.  neijrn:  or 
ra^:i2s  o:  oasr  squared  >  heightxi.510^ 
usiur.-  c:  iena>  perpendicuiartoaiis.) 
i-ar-.    c :  diametc-    o:   smali  end  —  sqnaitf 
::;:inv:^rc-   r     icrp"-.    end     .  wipendiciiltf 
i^Lir.i-.    ivoTweei.  mt-  ena.-  v   .?U27, 
■L.r  —  .1  n^raiieif J :■):!>€..  l^^  any  solid  bound 
S-:     t:i.c:    c.-    wnic:.    i>    ii   paralielogran 
».^::;   .ijl:-  "ncraiit.  t  ■  eac::  oiher. 
r-r...  I     ir-    on-.    lac-.       i^erpendiciilaT  di 
:ni^'.:;    iii-L       -.  c-»:ix  i^  one  of  ihe  pan 
.'.:;::r:v,-  v.:*    j-  nerfiinnetoTt:  {:::iven. 


i  afaii  No.  5S. 

:^i  :vnev-:ro:.  -rfpT" iar    is  one   whi 
.;-  sj)i^   an}rit;^  respectiveJT  simi 

.. .::;..  j.  s■.^■k-^.viaJi■.  ar.  equilateral 

.':-.  !u     nnv:ni^   r    sides,   each  a 

::.:  .  .:i,>    *   s-.iies.  ar.   t»quiiateral 

;i.iv::ij^  ijsuies.  each  an  eqai 

".,,.:r.^   2i    s-.iie^    each   an   equi 

^      =    ..-.ju  ionjrih  out  edp:e>     .n 


ism  or  Cyliader. — Frustum  of. 

)Iume  or  contents  of  any  frustum  of  any  prism  or 

der  =  area  basexperpendicular  height  from  base 

itre  of  gravity*  of  top. 

sm,  Frustum  of.f 

en  a  cross-section  of  prism  at  right  angles  to  its 

is  a  square,  parallelogram,  regular  polygon  or  a 

:ie. 

16  or    I   area  of  cross-section,  perpendicular  to 

ents     ~" )       sides  x  average  heightj  of  prism, 
molds. — See  wedge,  frustum  of. 

?. 

Thickness  -f  inner  diameter  x  square  of 

ne  or thickness  x  2 1  or  more  accurately, 

ents  ~  '  Area  of  section  of  ring  x  i  (inside  diam- 
eter 4-  outside  diameter)  X  3. 14 159. 


cube  of  diameter  x    •  5236  or 
"     '*  radius  x  4.189  or 
♦*     '*  circumference  x    .01689  or 
=  area  surface  x  «  diameter  or 

'*    great  circle  x  I  diameter  or 
I  volume  of  circumscribing  cylinder  or 
1-5236  X  volume  of  circumscribing  cube. 

3re. — Segment  of. 

le  or_  )  (Square  of  height  +  3  X  square  of  radius 

nts  ~)      of  base)  x  (height  x  .5236.) 

sre. — Zone  of. 


nts 


me 
jnts 


j square  of        square  of         square 
radius  of  -f  radius    of    -f-  J     of 
I  base  too 


X 


I  base  top  height ' 

height  X  1.5708. 
3re. — Hollow. 

le  or_  I  contents  of  sphere  of  outside   diameter 
;nts       \     —  contents  cf  sphere  of  inside  diameter. 


re  are  three  kinds  of  wedges. 

—Figure  14.     Edge  AB.  parallel  with   and  equal 

or  C  D,  the  length  of  the  back  CDEF. 

—Figures    15   and   16.     Edge  greater  in    length 

ength  of  back. 

-Figures  17  and  18.      Edge  less  in  length   than 

I  of  back. 

I  centre  of  gravity  graphically  or  cut  out  top,  to  scale  on 

>ard  on  pattern  lumber,  and  balance  on  a  point. 
two  ends  are  assumed  to  be  top  and  base  of  prism  and 
inclined  or  not  toward  or  from  each  otheT. 

-agre height  =  sum  of  the  lengths  of  all  the  vert\ca\  eA^S€«> 

by  the  number  of  edges. 
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- jnzr  :  r  :•:  r-enis of  any 

•:  1^=  :.iii:.-:i:e  length 
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-sLr-^     z'Jzz  Jil:::udeof 

•v'—  :•=  1-=-   v::ur:eor 

-.f-=:-  ■  :.i^  :  zzzi'.a.'  the 
III-  Hi-  i-y  -her by 
.7-     :  =— :i-k~eatsor 

i^>  :  ^n  i  :'::i:  :::  nine 
1:7  C"-~i-  >  -unicientto 
f^— -^     :  :■  ->:ierable 

:  i—'.j^-i—cr.:.  excava- 

■  zfiirr^r   r.   :n:-'plaia 

=  i=>  !;-    .•  rr.ru-.cvi  aad 

:.*;;:  Ar  .r  Er  ar.d  :i> 

L-V-  -■■^~  '"5^  ::v:.:e^:inio 
^r  S.ZL.'.  i  wrj "*.::■.:  ^viih 
->r  ?r  ?  e:-jii.'.>  in  area 
L-:ii\rt-i  —h::;::i:c:  height 


'.-.:.    -:       ne  -jTh:  trianvrular 

■■   ■     .    .:y. :.-.:-  :;-..-.:>    zr -^^-h  base  aec   ' 

.:':■.   .-.-.      -.    ■-■     :  .--     ■    :".-.    laf--    BI'F   eqi:al> 
.."-    .  .  ^    -.   r  T      .-.  .  ■.  -.^    :.■.:■  :nrex-  volurr-es  \re 

.    /■-      -    ...:.      ■-    "..■■.■.--".  ■-:        -L-  r-.jCJ::  :r:anj:ular 
..::  .:   :::■   ..-  :      ::=    ryr..--;.:   •^:::  ba>c    DGFH 

.    /    ■      :•    .^-   '  -z    [■".:.-[    :::       -v  ri^i::  triangular 

■.....'.;     :. ii::v::>    i:;.^:    :;:i    .;.":Te   .»:    jfravity 

•        '.  •.       •.■  .' ;      :  :':."  t::  :>    :':  ■-.,.-  ■.-.e  ■.j:t-  is  kimwn  or 

'  •:  .    .    ^'.  .  .-.   ;;:i:,-.:  .ally  :r.  a  :::  :::;/:::.     I::  such  cases. 

, . ;  ^  . ' ;  -'i : ':  ii  '/•  a  1  r- .-  -i- s r . :  ■.  ::  y  er y  0 ::  /. : cu  1  ar  to  the 

..;/ r    ', .  \- «:  'i: -•.ar.'L'j  "i^'.-f .vcvn  iV.c  cv:vatv:>  %»•!  gravity  of 

V/A   •/.',  «:.•,';  : 


,  Frustum  of,  or  Prismoid. — The  general  rule 
to  find  the  volume  or  contents  is  as  follows : 
Rule  or  Prismoidal  Formula.* 

Find  the  sum  of  the  areas  of  the  extreme  sections  or 
ends  and  four  times  the  middle  section, multiply  the  re- 
sult by  one-sixth  of  the  distance  between  the  extreme 
sections,  the  result  will  be  the  volume  or  contents  re  - 
quired.  Expressed  algebraically  the  rule  is  as  follows : 
Volume  or_  {  L  ^  A  +  B  4-4M   ^^ 

Contents  ~"  f^  ^ 

f  Length  X  mean  area  of  cross-section. 

In  the  above  expressson  L  =  perpendicular  distance 
hetween  ends.      A  =  area  of  one  of  the  parallel  ends. 
B  =  area  of  the  the  other  parallel  end.     M  =  area  of 
cross-section  midway  between  A  and  B  and  parallel  to 
them. 
The  prismoidal  formula*  is  of  very  extensive  applica- 
ion.    It  can  be  shown  that  the  volume  of  many  ot  the 
figures  herembefore  considered  can  be  computed  by  it. 
Example. — Pyramid. 
Base  —  one  end:  vertex  =-  the  other  end,  (area  o. ) 
Sum  -=^  area  of  base.     Area  of  section  midway  be- 
tween —  X  base ;   hence  4   X  middle  section  = 
base.     Length  =-  height. 
. '.  we  have  by  the  prismoidal  formula,   volume    = 
base  -|-  o  -|-  base 

X  height  —  }4  ^^s®  X  height. 

6 
Among  other  figures  the  formula  applies  to  a  sphere, 
hemisphere,  spherical  segment,    frustum  of  cone   etc. 
^Iso  to  a  section  of  cone,  or  frustum   of  such  section, 
where  cutting  plane  passes  through  vertex  and  bask. 

The  rule  also  applies  to  a  cylinder  when  the  cuttin.i^ 
plane  is  parallel  to  the  sides  and  passes  through  ])()tli 
^nds.  If  cutting  plane  is  oblique,  extend  it  and  cylin- 
der, if  necessary,  until  the  plane  cuts  the  sides  of  the 
cylinder. 

Use  rule  for  Ungulas  for  sections  formed,  subtracting 
the  volume  of  the  small  one. 

Though  above  rule,  with  oblique  cutting  plane, is  not 
strictly  correct,  error  will  seldom  exceed  one  per  cent. 

*See|-ttndei  'EMBANKMENTS"for  quick  methods  of  computing 
Jhe  vo  umeof  certain  "cuts"  and  "fills"  from  the  profile,av()iding 
?®lays  in  naaking  estimates  and  expense  for  extra  time  needed 
[5  using  for  fcrmula.  In  many  cases  this  extra  expense  exceeds 
the  cost  to  constructor  avoid  the  per  cent  of  eartla  -wotV.,  \.Yve 
qtiicJr  methods  may  give  in  error  for  or  against  the  cotvItblcIox  . 
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PLANE  TRIGONOMETRY. 

Trigometric  Functions. 

From  the  sexagesimal  division  of  a  circle  or  circtim- 
forence  as  given  by  Table  No*.  19.  we  have: 
I  circumference  =  360°  =  21600'  =  1296000'. 
In  the  CKNTKSiMAL  DIVISION, of  a  circle  or  circumference, 
The  circumference  is  divided  into  400  grades. 
•*    grade  "        '*  **   100  minutes. 

••    minute  '*        ♦♦  **   100  seconds. 

Hence  I  circumference  =  400  grades  =  40000 minutes 
=;  4(UHH)iH)  seconds  or  as  abbreviated  =-  400  gr  =  40000' 

1=  4<K)0()0()". 

Though  much  more  convenient  this  system  is  not  in 
general  use  because  of  the  difficulty  of  changing  all 
existing  tables  etc.,  to  correspond  with  it. 

Radian.  -In  liigher  mathematical  investigations, 
where  no  division  into  degrees  etc.,  is  required,  the 
radius  is  taken  as  the  unit  ok  measure.  This  unit  is.', 
the  angle  subtended  by  an  arc  equal  in  length  to  the 
radius,   ancl  is  called  the  radian. 

Ratio  of  circumference  to  diameter  (from  geometry)** 
3. I4i5(;265,  called  7t* 

. '.  ratio  of  circumference   to  the  radius  (i  diameter! 
=  2x  3''4I5<>2^>5       6.2831853. 

. '.  360'  '(whole  circumference)  -=-6. 283 1853=57. 2957795- ^• 

.*.  one  radian  —  57.2957795  degrees. 
—  3437.74677  minutes. 
— i  2o()264.8o6  seconds. 

_  circumference  _  ^  circumference  __      tjtco265- 
diameter  radius 

Therefore  when  the  Radian  is  used  as  a  unit, 
J;r  represents  an  angle  of  90*^ 
7t         ♦♦  "         "     "  180^ 

2;r  **  **         »i     *»  360Q  =  e\TCMTcviete^c,e. 

*See  Table  No.  49. 
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figure  19  shows  the  different  trigometric  expressions 
the  angle  SOX.*    In  the  figure  it  is  drawn  equal  to 
o   and  the    values    placed    opposite,  certain  of  the 
ipressions  are  for  angle  of  40°  ai^d  radius  i. 
The  complement  of  an  angle=its  difference  from    q(P 


"  supplement  *♦  '♦       *' 
Abbreviations. 

=  *• 

•*      i8o^\ 

Sin 

for  sine 

=  the  line  PM, 

figure  19. 

Cos 

"  cosine 

=    *♦     ** 

OP, 

.i 

Tan 
Cot 
Sec 

*•  tangent 
♦♦  cotangent 
**  secant 

<<     (t 

NX, 
YS. 
ON. 

it      (( 

Cosec 

♦'  cosecant 

({     (« 

OS, 

** 

Versin 

"  versed-sine 

t«     «i 

PX, 

.. 

Coversin     '*  co- versed-sine  =    '*     '* 

RY, 

.. 

Rorrad.    '*  radius 

<t     ({ 

TO, 

a 

Ch 

•♦  chord 

=  dotted" 

MX, 

«4 

Trigometric   Formulae. — 
the  radius  =  i. 

In    the  following 

formulae 

Sin  = 

^    .=^^^  =  -1/ 

I — cos* 

Cosec         cot       "^ 

Tan= 

sin  __    I         /tan  0 
cos       cot      ' 

f  90°   is  infinite.  1 
'  1800  is  zero.         y 

sin  X  cot  =  -i. 
sec 

Cos  = 

l/i— sin«  —  sin  __ 
tan 

Sec  =i  l/rad«  +  tan«  =  _1_  =  ^^^ 
cos       sin 
^orJengtb  of  arc  Ccurved  line  M  X)  see  Table  15  o.  4 
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Cot  =22£  = 


I 

tan 


Cosec  =  — . 
sin 

Versin  «=  rad — cos  — i  i — cos. 

Coversin  ^  rad — sin  — i  i — sin. 

Radius  —  i  —  tan  x  cot  —  i/sin«  +  cos* 

ch  .  radius  X  2  X  sine  of  one-half  the  angle. 

Right-Angled  Triangle. 


In  figure  ?o  the  side  marked  C  I 
"^  is  called  the  hypothenuse,  B  the  ] 
base,  and  A  the  altitude. 


AS  =      C«— B8 
A    =|/c*  — B« 


Ib    ^v'c^ 


C«  ==      A«  +  B« 

C    =i/A«-fB«|A    =  i/c»  _  B«  1  «    =l/C«^=^« 
A  =  Cxsina  —  Bx  tan  a  — .  C  x  cos  b  =  B  x  cot  b. 
B  — .  C  X  cos  a  ==  A  X  cot  a       C  x  sin  b      Ax  tan  b. 
C  =-  Axcosec  a=  B  x  sec  a  =  A  x  sec  b  =  Bxcosecb. 
Expressing  the  above  formulae  in  words  we  have  for 
a  right  angled  triangle  the  following  theorms. 

I  St. — The  hypothenuse  of  any  right  angled  triangle  is 
equal  to  a  side  into  the  secant  of  its  adjacent  angle  or 
the  cosecant  of  its  opposite  angle. 

2d. — A  side  is  equal  to  the  hypothenuse  into  the  sine 
of  the  opposite  angle  or  the  cosine  of  the  adjacent 
angle. 

3d. — One  side   is   equal    to  the  other   side    into  the, 
tangent  of  the  angle  adjacent  to  that  other  side  or  to  the 
cotangent  of  the  angle  adjacent  to  itself. 
Obli(^>i:e  Angled  Triangles. 

The  sides  of  a  triangle 
are  proportional  to  the 
sines  of  their  opposite 
angles  or  from  figure  21 
'\ve  have. 


Side  A 


Side  B:  Side  C ::  Angle  a:  Angle  b  :  Angle c. 
A  B      „^       C 


and 
Sin  b  Sin  c 


=to  each  other 


We  also  have  _ 

Sin  a 

This  common  quotiont  is  called  the  modulus  of  the 

inangle  and  is  equal  to  the  d\ame\.er  ol  x\ve  q^t^'QSBsr:^ 

ed  circle.     Its  abbreviation  \s  M. 


So 


^Rmulae  for  Solution  of  Plane  Triangles. 
See  Figure  21. 


sn 
C, 
ree 


es 
le 
ed 


Si, 

ides 


Required. 

a, 
one  angle. 


a.  b,  c, 

all  the 
angles. 


b  and  c, 

the  other 

angles. 


A,  b,  c, 

the 

remaining 

parts. 


C,  b,  c, 
the  remain- 


the     j   ing  parts, 
oppo- 


ae  of 

m. 


f,b, 
side 
any 
iigles. 


Let.  s 


Formulae. 

«  i  (A  4-  B  +  C). 


Tania-.^/(s-B)(s-C). 
^       s  (s  —  A) 


Leth      _    /(s-A)(s-B)(s-C) 
*  s 

h 


Tan  i  a  — 
Tan  i  b  =- 


s-A' 

_h 

s   -B* 


Tan  k  c  =--^^ 
s  —  C 

Checks,    a  +  b  +  c  —  iSo^. 

ABC 


sin  a    sin  b      sin  c 


-modulus. 


Tan  i  (b-c)=«^  cot  i'.a. 

i  (b-f-c^—go-  —  i  a. 

b==i  (b-t  c)4-i(b-c). 

c=i  (b+c)-»(b-c). 

Check,  as  above. 

A  sin  I  (b— c)=(  B—  C)cos  |  a. 

A  cos  i  (b— c)=(B    :    C)sin  I  a. 

Having  found  A  and  |.(b — c), 

proceed    as  in   the  case    next 

above. 


■o 

Sin  b  =  —sin   a. 


(two    values 
of  b.) 


c  = 
C 


iSo'^  --(a  -r  b). 

B  sin  c  A  sin  c 

sin  b  sin  a 


B,  C,  c, 

the    remain- 
ing parts. 

i 


iSo'"  —(a  -'-  b), 
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a  -f.  Angle  h  -f-  Angle  c  =  i^o  ^ 
8j 
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I'fi    — 1 


Formulae  for  Solution  of  Plane  Trianglks. 
See  Figure  21. 


Given 
A.  B,  C, 

the  three 
sides. 


1  B,  C,  a, 

2  twc  sides 
1  and  the 
J  included 
?       angle. 


Required. 

a, 
one  angle. 

a,  b,  c, 

all  the 
angles. 


b  and  c, 

the  other 

angles. 


A,  b,  c, 

the 

remaining 

parts. 


Tan  ^  a  — 

Tan  J  b  — 


Formulae. 

Let  s     ~  J  (A  -f-  B  -f  C). 
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s~Il"A' 

_h_ 
s   -B* 


Tan  i  c ^^ 

s  —  C 

Checks,    a  +  b  +  c  —  i8o^. 

A _B_ C__ 
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b— J(b.}  c)-.  Ub     c). 
C=-J  (b-f  O-     [.lb      CK 

Check,  as  above. 
A  sin  J  (b— c)— (  B-    C'icos  •  a. 
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above. 
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b) 


Tan  X  Cot  =  Cos  x  Sec  =  Sm  .   Cosec  =  i. 
AngrJe  a  ^  Angle  b  -f-  Angle  c  =  i8o  -^ 
8j 
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CO  h-  i>  I-  r- 


'  t-  r-  I-- 


s  .<: 


=  l^  fci^  4*1  M  O 

*^  CI  M  c?  e*  ci 

lo  as  ri  1^  ^  »Q 

*i5  -?  -^r  03  OS  C* 

pp  P5  05  »  W  r? 

O  O  D  C  iS  1^ 


ffi  C^  ^  ^  o 

—  —  ^  — <  CI 

ipi  cc  t^  -.  kCi 

^  ,—  O  O  Ci 
W  »  W  M  t^ 
00000 


ia>  «  ^  «o  a*  m 

s  m  ^  r-  oft  O 

cs  M  oc  «:  »■  O 

k!?  w  !£  t^  1^  a? 

1^2  (£  ^£>  ^  cc  ta 

O  O  >3i  Ci  0>  O 


-at  o  r-  to  ffl  o 

Or  b-  t©  til^  ^f-  « 

i^A  o  t-  a>  o  o 

W  00  0  CI  ■*  t^ 
-i*^  ^  i,*?  in  lo  to 

O  $1  ?)  9t  9^  A 
t£  t£^  to  to  mi  to 


•ra  ffi  -* 

■T  rt  r; 

■c-  «  — - 

!T^  -X!  oe 


—  O  —  *f  Cp> 

c*  ri  at.  e*  <* 

Tf  CI  — i  ^  Q 

o  t-  kO  r;  ^ 

(^  f^  t^  (w  r- 

O  O  O  O  O 

(*  d^  i-  r-»  s^ 


)  fefl  o  I 

>  ■35  O  C 


I  3i  irf^  ^    I 

!  L.-^  O  ^-  t 

'  -#  pa  *  fi 

I  U^  lO    40     ^ 

I  o  o  o  e_ 

■  (^  *^  p»  t^ 


an  «  -J.  [^  o 

.1  ■*  —  GO  O 

i!?4  (Xr  TJ*  3i  tO 

0^  03   *:^  --  kO 

do  ^  ^-  ^-  €^ 

!0  S}  tSi  St  Oi- 


t^  ^-  -^  t--  ai 

—  ^  «  g&  1/3 
M  P5  ff>  -«f 
?3  lO  t-  OS 


J    KJi   -P-   O)    ^   P3 
*    — r    "    ^    C»    ff* 


se  rt  OB  te  c4 

—  o  ^  f-  n 

..   Si  o  o  ^ 

iD  ■a  t-  i-  I^ 

d>  cn  [^  A  CV 


QGi  t^  kfi  N  ffi 

«*  -♦  ©  59  l- 

>f!>  (S  ^  (D  « 

Oi  Oi  ^  9*  «> 

ta  V?  o  IP  «iD 


Mw^kOsei^cn'OJo— -CTco-— kn;eis-a5 


i«  ?9  i—  a6 
s  <«■*-»  te 

3^00 
»  «s  &  -« 

5   ri   ffl   1- 

>  O   O   O 

►  t^  t-   O 


>-  OC  O  O 

«  tJ  i-^  o 
->  it  7i  ^t  ct 


f*  (J* 

O  <Tj 

at  ^ 


V  ^  %o 

t-i  n  OR 

^  — •  O 

d  ^  04 


W  1^  C^  C*  1^ 


O  I- 


^  n  rt 

CO  ci  o 

on  0*  ■c^ 

f  1  *i  '-* 


I  1^  o  o  ^ 


03  t^  CI  to  ^ 

C^  O  CO  kO  C9 

—  f^  CI  QC  '* 

o  o  r-»  1^  m 

oci  33  oe  *  •» 

3i  ffi-  d  O)    Olh 


>-  CI  ^  — 

«  o  t^  -t  .^ 

^  K^  (&  t-  <3[t 

—  03  ifl   t-»  Oi 

?-  ^     ijl  CI  CI 

O  O  O  O  Q 

^  t»  F^  r-  f^' 


i# 


O    :£■    O^    Ol 

..  o  r-  -f  — 

.^  "  O  O  q3 
-1  O*  t''  to  03 
r-  (D  O  O  ^ 


d^  ffi  f-  kf3  03 

»  ko  (j>  es  o 

d  &i  Ji  30  rtJ 
O  30  «3  -f  M 
cp  in  kr3  LC3  k^ 


t-  i-  l>  [■-  t- 


C?  ^  tD  Ct 

c^  CI  :*  d  CI 

(Ti  rt  r^  —  kf! 

go  gg  t-^  f,  to 
M  tl  M  C*  Ci 

9  C  O  O  O 


■^  -?  XI  ^  ( 


C*  SM  Tt  IT*  C* 

-  p  9  9  O 


t-  «  O  V^ 

■31  *d  C*  05  kTS 

Ct  "^  Q  IT)  — 

^  5^  03  03  -- 

i-.  i-.  I-  (-  r- 

<Ji  O)  05  ffi  C5 


tfj  ^  tfl  i—  kn 

»  *ft  03  c»  o 

ta  iD  t-  m  Oi 

OS.  **  »  tc  t- 

B  t^  r-  r^  i> 

SS'  A  C93  O  O^ 

QD  C»  %?  (C  ^ 


^^^& 


t^  t-  (^  t^  t^ 


-rji   ^  Jl  t*  O 

M   :?!  <3  C*  O 

J-  OJ  JE  -fj-  a* 

T^  lO  ^  10  to 

t'-  i>  1-^  r-  r* 

^  Si  A  ^  0> 


•3D  l^  kO  CO  ^ 

oi  o  -H  c4  rt 

O  (T*  ^  O  00. 

tw  ■[&  at  EC  CO 

ch  oi-  o^  ^  CI 

O  O  O  UD    (D 


Lii. 


I 


a5 
O 


DepiBrture  {DtfpJ^Dfsfance  east  or  we&t. 
h»tittide  (/jit.j-PJstHnce  north  or  i^autVi* 
iThe  comhin^d  arran^tinent  of  tables  la  orlgmisA.^ 
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Angular  Measure,  see  page  j^  or. 
Arc,  any  or  i'^',  length  of, 
Chords,  long»  table  of, 

Area  of  equivalents,  etc. , 

"     * '  eircum. ,  etc, ,  diam»  in  twelfths, 

''  tenths, 
■  i      L*         L«  4.  .1     1.  eig-Mlis,  etc., 

'*      parts  of,  see  page  52 
Circimifereuce,  Diam.,  Radius,  formulae  for, 
Diam.  of  certain  circular  areas,  see  page  21. 
Cosines,  tables  of,  jfi-nw 

Cotanj^ents.  tablets  of,  56-100 

Deflection  distances  forcliordsof  100  feet,  to4 

Functions,  trigometric,  see  pages  78-81, 
Minutes  and  seconds  in  decimals  of  a  degree,        5" 
Ordi nates,  for  loo  ft.  chords,  table  of,  if>5 

'*   bending  raili^,  lOS-^ 

Radian,  length  of,  etc.,  see  page  78. 
Radii,  for  100  ft  chords,  table  of.  m 

Sines,  tables  of,  s^-itx^ 

Tangents,  actual,  length  of  for  a  1^  curve.  107 

Tangents,  tables^  of,  S^-t<>o 

Tangential  distances,  for  chords  of  100  feet,         r^>4 
Traverse  tables,  for  each  minute  of  quadiant.56-trjJ 

General  Case  of  Cihculak  CiTRvrcR, 

A  CiRCtJLAR  CifRVE  is  Simply  a  part  or  the  whol*: 
(generally  a  part)  of  the  circumference  of  a  circle.  }^^ 
most  frequent  application  in  practice  is  shown  in  Fip^t 
22,  where  two  stratght  lines  a  1  ancl  D  e  are  connected  tf 
the  curved  line  abdc,  thus  a%^oicling  the  angled* 
formed  by  the  tutersection  of  the  two  straight  lii^^^ 
This  angle  D  represents  the  change  m  direciioB,  iiM 
inasmuch  as  the  curved  line  at  a  is,  (as  it  must  be 
being  a  part  of  the  circumference^  at  right  angles  to  th* 
radius  a  c,  and  is  also  at  light  angles  to  the  radius  ci! 
at  c  for  the  same  reason,  the  change  in  direction  rept^ 
sented  by  the  angle  D  is  the  same  as  the  curvaturt  d 
change  in  direction  of  the  eurviid  \^T\e  a b d  e.     The!"' 


lines  or  tangents 
al  and  De  must  also 
be  at  right  angles  to  the 
radius  at  the  points  of 
TANGENT,  a  and  e  respec- 
tively.  The  dotted 
lines,  ab,  bd  and  de 
are  chords  (chs)  of  equal 
length,  generally  taken 
loo  ft.  long.  Any  dis- 
tance as  dotted  line  ef, 
]5^*  shorter  than  ab,  bd  or 
d  e,  is  called  a  sub-chord, 
(sub-ch.)  and  the  change 
in  direction  between  the 
points  a  and  f,  or  the 
angle  subtended  by 
three  equal  chords  and 
the  sub-chord  ef  is  rep- 
el by  the  angle  D  s. 
wL  Angle  (2C)  = 

angle  as  b  c  d  subtended  at  the  centre  of  the  cir- 
i  100  tt.  chord  as  bd  =  degree  op'  curvature. 
:tion  Angle  (Da)  = 

angle  as  h  b  d,  included  between  any  chord  as  a  b 
ed  and  the  next  chord  b  d. 

N'TIAL   AN(JLE  (Ta)  = 

angle  as  m  a  b  included  between  a  tangent  to 
ve  and  a  chord  from  the  point  of  tangent  a.  i  b  d 
her  tangential  angle  and  is  equal  to  m  a  b. 

CENTRAL  ANGLE  is  always  cqual  to  the  De- 
1  angle  or  to  twice  the  Tangential  angle. 

DEFLECTION     ANGLE    is    always    cqual     to     the 
il  angle  or  to  twice  the  Tangential  angle. 

TANGENTIAL      ANGLE     is     alwayS     Cqual      to      ONK- 

of  the  Central  angle  or  to  onk-halk  of  the 
tion  angle. 

CTiON  Distance  or  Chord  Deflection*  (Dd)  = 
•  chord  as  hd  which  subtends  a  defiection  angle 
I.     The  radius  of  the  arc  of  which  the  deflection 
ce  is  the  chord  =  the  length  of  the  chord  of  the 

Radius  bh  =  bd,  the  chord  of  curve. 
enote  under  Table  No.  103. 
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*t %»ij ?n  lAI,  Dl ST ANC  E  O R  T AN GKNT    D EJfl.ECT10?f*  (Tj 

Jkltir  dkord  as  mb  which  subtends  a  tai^ential 
m^  m>A     The  radius  of  the  aic  of  which  the  defli 
itJOlMim]  t$  tht  cfboid  ^  the  length  of   tb^  ^ord  of 
^niCv%     itMiius  A  m  ^  ab,  the  chord  of  cm^e. 
T^^^iiifiKMr  Dkta^cs  (d)  ^ 

Itte^^itftBGe  from  the  intersection  angle  P  to  eil 
t  ^m  TA^Gi^rr.  a  or  e.     &D  alwa js  equals  in  le^gtj 


ant  csadSy  correct,  in   practice  it  is  ] 

tfae    DEFLtCTJON     DIST Alice  =  TWIQ 

ttet%^>^Kry^  tscsTA^ffCi^  vbeo  the  radins  of  ctirvatmi 
«ff    «nidc^    euceiads     500     feet.      For    ajdxa 
^  Table  Kti.  mt, 

J|«^  ta««£  lift  &EBB  i3k  Gcntie  of  a  cliord  de  t^  tJ 
^  «f  ih*  <jMHiUf»Muai^  jo-c  de.     OUier  oidinflbe 
1 1»  H  «nS  iMtv^eea  it  and  d  or  e. 
%4ft  L  t^Rsent  the  length  c€  the  c^irre  i:i  100  ft  ^ 
0W^  thiB  hf  §)ortankUE:    Tt^iMrv^  u*  Fi^s^   19  and  : 

T* 


In  practice  we  can  assume  the  sines  of  small  angles 
2m>portional  to  the  angles  themselves  and  we  have, 
C  •  Cs  ::  ch  :  chg*  ::  loo'  :  chg 7 

C  X  chs 
Therefore.  Cs  = 8 

lOO 

Example  : — 

C  X  20' 

If  sub  chord  is  20  ft.,  we  have  Cg  = =  i  C. 

100' 

The  Radius  varies  inversely  as  sine  of  degree  of 
ttrve  and  assuming  that  the  sines  of  small  angles  are 
roportional  to  the  angles  themselves,  it  (the  radius) 
aries  inversely  as  the  degree  (2  C)  of  the  curve. 

If  the  central  angle  (2C)  =  1°,  C  (one  half  central 
ngle)  =  4^  =  30',  and  from  table  56  or  by  calculation 
^e  have. 

Sin  C  =  0.0087265 ;  substituting  this  value  in  equa- 
on  (4)  we  have. 

50 

Radius  = =  5729.65  ft.  or  approximately 

0.0087265 

730  feet  as  the  radius  of  a  one  degree  curve. 
In  like  manner  the  radius  of  any  degree  curve  can  be 
btained,  and  knowing  the  radius,  it  is  a  simple  m fitter 
f  solving  right  angle  triangles,  (see  Fig.  20)  for  the 
ength'of  their  sides  and  angles  to  find  any  other  tri^o- 
oetric  function  or  function  of  the  curve  required,  but  to 
acilitate  rapid  work,  tables  of  Radii,  Ordinates,  etc., 
ire  in  common  use  and  will  be  found  in  this  work.  See 
ist  as  given  in  Table  No.  loi  or  index. 

Tabic  No*  JOS. 

Formulae  for  Circular  Curves. 
(See  also  Table  No.  102.) 

Tangent  distance  x  cot  J  intersec- 
tion angle,  or t 

4    chord    X    cosec    of    tangential 

angle,  or la 

i  chord  -i-  sin  of  tangential  anj^le, 

or lb 

J  chord  -r-  sin  of  4  deflection  anj^le, 
or  get  from  proportion  below. 
Sin  deflection  angle  :  sin  J  (i8o<^  —  deflection  anj^le)  : : 

chord  :  Radius i  c 

*Cbg  ".  abbreviation  for  sub-chord. 
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Radius 

of 

Any  Curve 


TjifeKoL  laaL  ^Cacdmied.) 

I .  ^  .Ts^J^' A^rr-^  =  *  C*r*-!:a:f  of  chord  --  Radius ...» 

.J *—- V"        A  -^'pg-'^  D-vrresposding  to  sine  obtained 

^''I'^I       =•       -T  «'>^"=^=^  aexi  above  as  found  in 


Jyrstanoe: 


Ta'jiles  y.-  to  ico  inclusive 3 

^  2  .  chore  ,.   sin  j  tangential  angle  or 

for  i^x-  chs:  5fxx>'  ~r-  radius  or  see 
'      Table  So.  104 4 


'I '  nwni        \  Rad:-s  y  tan  i  intersection  angle  (An^ 

f. ?♦,«..    =-       L>.  in   Fig.  22.)  or  for  rapid  work  use  ^ 
PJhtance        g      ^^^j^  ^-^  ^^^^ ^ 

I  ii^H^^r^ion  i  Tangential  angle  x  2  or  approximate\y 

1:/aI         =-      ^or   100'  chords,  5730  ft.  -:    Radius.^ 

^  "^'^^  /      (See  also  Table  No.  104) < 

|)i'(Uti:tion  I^istance  _  \  loooo'  -=-  Radius  in  feet,  (f)  se 

'/      also  Table  No.  104 

(J    chord   -^   Radius)   x  2 

chord,  or 

chord*  -^  Radius,  or JS 

2  X  chord  X  sine  of  tangent:»^ 

angle ^ 

See  Table  No.  105,  (loo'chs.)  or, 

"         "    105  A  for  rails;  or.    .     < 
i  ch.  X  tan  of  i  tangential  angle :... .    < 
or  when  middle  ordinate  <radius, 

Radius  —  ^/radius* — J  chord*, ' 

or  wlion  middle  ordinate  "^railiiis; 

rad  ius  -  ^4  churd  - ,  or ,  ^  ^ 
approximately^  9 


Tor  I'x/  chords 
|)i'lli'('tion  distance 

for 
jiiiv  (livrii  Radius     = 

and 
•  i|tiMl  l»*ii>;th  chords 


Mi.l.llr 
1  iiiUuah^ 


Chord 

of  = 

Curve 


TaMeNo.J03.  (Continued.) 

r  (Radius  x  2)  -i-  cosec  tangential  angle  or,      1 1 
Radius  x  2  x  sine  tangential  angle  or, .       i  la 

Radius  x  2  x  sine  J  deflection  angle  or, 1 1  b 

Radius  x  2  x  sine  J  (5730  -i-  radius)  or, .  . .   i  ic 

V^ Radius  x  deflection  distance  or i  id 

Tangential  distance  -^  (2  x  sin  J  tangential 

angle)  or,  1 1  e 

Deflection    distance    t-   (2    x    sin    tangential 

angle)  or, 1 1  f 

(2  x  middle  ordinate)  h-  tangent  J  tangential 

angle  or, 1 1 K 

J               (2  X  middle  ordinate)  x  cotangent  i  tangential 
j  angle  or, 1 1  h 

without  use  of  functions  of  angle. 
2  X  square  root  of  (2  x  radius  x  middle  01- 

dinate) 1  li 

q£    ^  \  (Corresponding  ordinate  for  a  100'  chord  y 
Sub-chord  /      square  of  sub-chord)  -5-  loooo. 

l^or  angle  subtended  bj- a  sub-chord,  see  Table  Xo. 
102. 

57-  3  X  given  deflection  distance 


given  distance 
given  deflection  distance 


Ani^le  for  given 
Distance  = 
and  Deflection 
Distance 

.oi745f  X  given  distance 
Deflection  distance  for  any  given  angle  and  distance  =- 
given  distance  x  -01745  x  angle. 

To  find  radius  of  curve  of  existing  track  qui  )kl\ , 
without  a  transit,  stretch  a  string  of  convenient  len.^ili 
tightly  between  two  points  on  inside  of  outer  rail ; 
ineasu re  middle  ordinate  or  greatest  distance  of  strin^i 
from  inside  of  outer  rail,  then  (square  of  I  lenj^tli  ot 
string  in  inches,  plus  square  of  middle  ordinate  in 
inches)  -^  24  x  middle  ordinate  in  inches  =  radius  (»t 
curve  in  feet,  or  use  Table  No.  105  or  105A. 

NoTF. — In  Tables  103  and  104  and  elsewhere  in  this 
Work,  the  words  "deflection  distance"  and  "tanj^eiuial 
^iistance"  are  used  believing  that  the  terms  are  ks> 
liable  to  confuse  than  the  words  "chord  deflection"  and 
''tangent  deflection,"  as  used  by  some  engineers.  l^)Otli 
distances  have  to  do  with  chords:  and  so  far  as  ])()ssi- 
ble,  the  word  "deflection"  should  a])ply  to  angles,  not 
distances. 

+01745  —  deflection  distance  for  1°  for  I  fool. 
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Tabic  No.  J04* 

Pable  of  Radii,  Deflection  antj  Tangential  Dls- 

T A N CIS  FO it  V Ak  1 0 U S    D E FL ECT 1 ».» S  A K Gl . ES   F R f 'M 

0^  r  to  2^  44V  fo^  ^00'  Chords, 

Tangtjotial  Angle  ^  Deflection  Angle  -h  2, 


Def^ec- 

Deflec- 

Tan- 

'Dofiec- 

iDeflec- 

tfon 

Radius 

tiou 

gent  ifll 

tiPO 

RAdiusl    tfcm 

gentml 

Atifrle. 

Dim, 

Dbt. 

0  . 

Diat. 

bisu 

^      ' 

Feet 

Feet 

Feet 

Feet 

Feet 

1     ?^ 

■      1 

543775 

.009 

.014 

57 

eoag 

1.656 

mi 

H  ^ 

171887 

.0^ 

.Oi39 

56 

51K8 

l.««5 

.ml 

H      8 

lJ45«a 

.087 

.iwa 

5& 

3g27 

1.71.^ 

M 

H  "^ 

85&W 

.116 

.058 

I 

5730 

i.745 

.m 

H  ^ 

naraa 

Mn 

.07^ 

a 

5645 

1.802 

.901 

H  ^ 

51SC16 

.174 

.087 

4 

5«73 

1.90f.> 

.t^ 

H   ^ 

4aiii 

.303 

.101 

6 

flaw 

1.J*18 

.m 

■   ^ 

42&r3 

.232 

.im 

8 

SlJM 

I.97tf 

.5»»* 

■   ^ 

3i^l!J7 

.2m 

.131 

10 

4»12 

±036 

1.(118 

M  10 

3Jf5T8 

.291 

.145 

12 

4775 

S.QU 

J.OIT 

H  11 

8125J 

.390 

.mi 

U 

4646 

2J5g 

L07e 

■     ]3 

^48 

.349 

.174 

16 

i^m 

3.210 

1.105 

■  IS 

iat444 

.378 

.189 

IS 

4408 

2.J68 

i.iai 

V      14 

2455ti 

.407 

.wa 

30 

4298 

2.326 

1,16^ 

"             1& 

aggis 

.43« 

.S18 

2@ 

4193 

a.384 

1.193 

Ifi 

21485 

.465 

.232 

M 

4093 

2.443 

1.231 

17 

ssoeas 

.494 

.547 

36 

3998 

zmi 

1.350 

Ig 

19i.)0« 

.r^ 

.261 

gft 

myr 

2.5SW 

1.279 

la 

iHosm 

.5M 

.^m 

30 

.3820 

2.617 

1.308 

30 

171  B'J 

Ml 

.2B0 

m 

a:;3'; 

2.676 

21 

36371 

.610 

..305 

34 

3657 

2.704 

].^B 

23 

35«27 

.(WO 

.319 

36 

.3681 

2.m 

1.!|M 

L     as 

14W47 

.fie8 

.aa4 

88 

miB 

2.851 

1  ^9 

K    M 

14324 

.697 

.M8 

40 

.3438 

2.9(18 

i;454 

■    a^ 

ia7r,l 

.Tsr 

.368 

43 

sm 

2,967 

1.483 

^     26 

13222 

.75fl 

.378 
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Tal:!eNo.I05. 

Lkn'»tii  ok  Ordixates,   for   ioo  Foot  Chords, 
5   Feet  Apart. 
ot  her  intermediateordinatescan  be  found  by  proportion. 
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iMeNo.   lOS*      (Continued.). 
Drdinaxks,    kor  ioo  Foot  Chords, 

5  Fket    Apart. 
ite  ordi  n  ates  can  be  found  by  proportion. 
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responcling  to  angles  of  deflection,  see 


.TioN  OF  Outer  Rail  on  Cl'rves. 
See  also  under  Table  105 a.) 

ugal  force  that[a  car  has  moving  on  a  curve 
row  it  off  the  track  is  cotinteracted  by  rais- 

rail  or  placing  the  car  in  such  a  position 
lU  be  an  equal  force  of  gravity  acting  on  an 
le  in  the  opposite  direction, 
s  of  a  curve  being  known,  the  proper  eleva- 
uter  rail  above  the  inner  one  is  found  by  the 
rmula : 

-i-  32.2  R,  in  which  E  =  the  elevation,  G  = 
Lck,  V  —  velocity  in  feet  per  second,  and  R 

the  curve.  This  formula  is  derived  from 
1  ot  centrifugal  force  V*  -^  R,  and  the  action 
n  the  inch'ned  plane  32.2  E  t  G. 


II 
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TahIeNo.)06. 
Table  of  Long  Chords. 


Deflec- 
tion 
Angle. 


Radius 
in  Feet 


Len^rth  of  chord  in  foot  required  to  subtend, 
the  number  of  stations  (ID- •  feet  chords  be- 
tween stations)  given  below. 


2 


DO  10' 

'34S78. 

200.00 

afK 

11459. 

200.00 

10  (y 

1  5780. 

199.99 

30/ 

,  3820. 

199.98 

2» 

1  2866. 

199.97 

30' 

2292. 

199.95 

8° 

1910. 

199.93 

30' 

J637. 

199.91 

40 

143a 

199.88 

30' 

1274. 

199.85 

5° 

1146. 

199.81 

30' 

1042. 

199.77 

6° 

956.4 

199.73 

30' 

882. 

199.68 

70 

819. 

199.63 

30' 

764.5 

199.57 

80 

716.8 

199.51 

30, 

674.6 

199.45 

»o 

637.3 

199.38 

30' 

603.8 

199.32 

100 

573,7 

199.25 

300.00 
299.99 
299  97 
299.93 
299.88 
299.81 
299.73 
299.63 
299.51 


299.24 
299  08 
298.90 
29a71 
298.51 


29a06 
297.82 
297.56 
297.28 
296.97 


400.00 
399.98   I 
399.92   I 
899.83   I 
899.70 
899.52 
899.32 
899.07 

898.78  ! 
898.46   i 
898.10 
397.70 
897.26   I 

396.79  I 
896.28  I 
395.73 
895.14  I 
894.52 
898.88  I 
893.20   ' 


392.43 


500.00 
499.96 
409.85 
499.66 
499.89 
499.05 
49a63 
498.14 
497.57 
496.92 
4()6.20 
495.40 
494.63 
493.59 
492.67 
491.48 
490.31 
489.07 
48^.76 
486.38 
484.91 


I  509.99 

i  599.98 

!  699.78 

;  699.40 

-  598.93 

j  698.84 

I  597.60 

I  596.74 

595.74 

594.62 

I  Sd8.m 

1  591.97 

590.45 

,  588.80 

!  687.02 

;  585.11 

583.08 

580.92 

578.66 

576.20 

578.69 


()<W.57 
I  6iK).(M 

«i>s.:io 

VAK.IV) 
MJMi.17 

m\.n 

(187. IH 
(584.75 
«8^M1 

67<).er 

()7;101 

vm.m 

(}():2.1.5 
r>.-)H.i.'j 


Long  chord  =  2  X  Radius  X  sin  (J^  dejfree  of  curvature  X 
number  of  .stations),  or  =  UK)  X  sin  OA  degree  of  curvature  X 
number  of  stations)  -4-«in  ^  degree  of  curvature. 

Table  No.  i06A. 

Equivalent  grades  for  Each  De(;rke  of  Curvai  ikr 


UP   TO 

20C^. 

I  degree  equals    1^ 

feet 

per  mile  gr. 

2 

3 

3 

4 

4 

6 

5 

7 

6 

9 

7 

«         "         II 

8 

13 

9 

16 

10 

19 

II 

23 

12         * 

27 

13 

31 

14 

35 

15 

40 

16 

45 

17 

50 

18 

55 

19 

60 

20         • 

*         ♦'         65 

The  resistance  of  curves  is  very  considerable.     The  less  the 
radius  of  the  carve,  and  the  greater  the  lengtYv  oi  \\ve  cutn^^^  vx«*5^ 
occapied  cy  the  trmin  or  car,  the  greater  the  xesV^taivte.  i 
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Table  No,  107* 

Length  of  Tangents  for  a  One  Degiiei  CimvE. 


9  si  n 

< 


1    SO 

i 

«  m 
n 

3  )» 
4 

4  .10 

V        I 

10 

10  ^ 
n 

11  ao 
IS 

It    90 

14 

14    i» 

15 

,   15  ao 

17 

17  an 

IS 

m  m 
ifl 

n  m 
w 
m  m 

ti  m 

^  m 
29 
^  m 

tr  30 

lift 

09  m 
so       , 


50 
75 
100 
li£5 
150 
1:5 
300 

;m 
:£5U 

350 
^5 
401 
4^ 
45] 
47tt 

577 
HO^ 
tt27 
663 
fiTS 
7W 
7^ 
754 
780 
W)5 
B^l 
850 
88i 
W8 
W& 
{m 
1^iH4 
1010 
l(^ 
lOtig 
1(W8 


aio  ' 

SI    30 

3g 

ass  30 

33 

aa  aa 

SI 

34    30 

3& 

.  as  at 

3e 

^    30 

37 

37    30 

!    3S 

1    3S«  SO 

|iao' 

3ft    % 

40 

40    30 

41 

41    30 

4g 

42  ao 

1 

43 

4g    30 

44 

44    SO 

45 

4ii  ari 

40 

m  m 

47       1 

47  30 

48 

4a  art 

4fl 

m  m 

50 

.V)  ao  1 

5t           1 

51  30  1 

1114 

5ai 

1140 

02  ao 

nm 

B3 

1102 

53    30 

32m 

M 

1^44 

M    30 

liKD 

55         , 

jao7 

55    80 

^^s& 

56 

iS4» 

50    30 

1370 

57 

tioe 

57    30 

HS8 

5S 

14:^ 

m  m 

\4m 

m 

tw% 

m  30 

I5S& 

eo 

1563 

|eo  30 

icK  Method  of  Obtaimn(;  Taxcsent  Distance. 
practice,  when  possible,  make  angles  in  a  survey 
jither  even  degrees  or  even  degrees  +  }4^  (15'),  )i^ 
;tc. 

J  length  of  tangent  or  tangent  distance  can  be 
by  formula  (5),  Table  103,  or  more  quickly  and 
mfficiently   accurate  for  all  practical  purposes  as 


ik  in  Table  No.  107  for  length  of  tangent  for  a  i  ' 
opposite  mtersection  angl&— angle  in  line.  Divide 
ingth  of  tangent  by  the  degree  oi  curve  you  desire 
ite  and  the  quotient  will  be  the  tangent  distance 
d.  Measure  it  back  on  line  from  intersection  an- 
nd  proceed  to  locate  curve,  but  before  so  doing 
ire  the  same  distance  ahead  from  intersection  an- 
id  set  second  tangent  point  as  check  on  curve  loca- 
If  not  given  in  Table  find  by  proportion. 


PRACTICAL  PROBLEMS 

Frequently  Encountered  in  the  Field. 

Obstacle  on  line: 
Place  all  stakes  as 
far  as  d ;  remove  tran- 
sit to  d  and  with  zero 
on  tangent,  deflect  to 
the  right  tangential 
angle  -|-6o''  and  drive 
stake  at  g,  a  distance 
from  d  =  the  length 
of  chord,  as  b  d,  of  the 
curve ;  next  with  tran- 
sit over  g  with  zero 
on  line  gd,  deflect  to 
the  right  60"  and 
drive  stake  at  e  a  dis- 
from  g  =  the  length  of  chord  of  the  curve ;  e  will 
ct  station  on  curve  from  d ;  next  with  transit  over 
ect  left  from  line  eg,  (120°  —  tangential  angle).* 
)f  telescope  is  now  on  tangent ;  proceed.  Longer 
3,  or  lines  d  g  and  g  e  can  be  used,  provided  proper 
Qtial  angle  is  used  at  d  and  e.  Use  Table  No.  106 . 
vident  that  a  similar  equilateral  /\  can  be  formed 
:side  of  curve  if  more  convenient. 
rJe  (I200  —Ta)  in  Fig.  23  is  not  shown  cortecU^  >a^  wto^* 
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Required  : 
length  of  ta 
having  given, 
gle  E,  Fig.  24, 
degpree  of  cui 

IntersectioB 
D  =  1800  — 
(5)  Table  No. 
Tangent  =  R 
tan.  (90^  ~  }i 
use  Table  No 

Required: 
berJof  chord 
ing  angle  E' 
and  radius, 
gree  of  cu: 
jjlven  radius  from  Table  No.  104,  then 

180  —  E  =  number  of  chords  in  i^  curv 

(180)-- E)-:- 2=    **     *'         **       *•  2°      •* 

s»tc. .  t\>r  any  other  degree  curve. .   If  quotient  cc 

hiU'lion,  put  in  proper  sub-chord  at  one  or  bo 

Kkoiikko:     Radius,  knowing  the  angle  E  an 

»«»K  t.mjkivut  distance. 

E 
R;ulius  —  (^tangent  distance  x  tan  — )  c 

2 
^4\^v>  l\iblc  No.  102  or  103. 


J.B-V 


id  lo  ot  othet  method,  erecting  a  perpendictilar  through 
cutting  the  bisecting  line  at  O.  Produce  O  P  to  Q, 
le  point  of  intefsection  with  the  tangent.  Then  the 
stance  Q  a  back  from  Q  to  the  tangent  point  will  be 
:  |/(QP-f  2  p6)x  QP.  Measure  a  M  and  it  will  be 
e  tangent  distance  d.  Set  the  instrument  at  a  and 
ta  in  the  curve  in  the  usual  way  and  it  will  pass 
irough  P. 

The  above  equation  is  obtained  because  of  the  relation 
:  the  similar  triangles  a  QP  and  a  Q  B,  where  P  0=()B. 
If  P  is  a  considerable  distance  from  O,  read  compass 
taring  of  bisecting  line  and  before  moving  the  instru- 
lent  to  O,  set  it  at  P  and  run  line  P  O  by  compass  bear- 
ig  90°  from  first  fead  bearing  and  note  point  of  inter- 
action of  this  line  with  the  string  or  chain ;  measure 
>P  and  produce  line  to  Q,  then  preceed  as  before  men- 
oned. 

Required: — To  lo- 
cate A  CURVE  WITHOU'I 

A  CHAIN,  or  by  inter- 
section angles.  Fig. 
26. 

If  a  deep  river  is  to 
be  crossed,  secure  a 
boat  and  two  transits. 
Read  angle  D. 
Set  transit  No.  i 
over  a  with  zero  on  M. 
Set  transit  No.  2 
over  f  with  zero  on  a. 
Deflect  Ta  (tangent- 
ial angle)  to  the  right 
om  aM  with  transit  No.  i  and  have  your  assistant 
multaneously  deflect  the  same  amount  with  transit 
0.  2  from  fa  to  the  right.  The  intersection  of  the  two 
Qes  of  sight  will  be  the  point  b  on  the  curve.  The 
lan  in  the  boat  after  getting  in  line  for  both  instruments 
m  »et  stake  or  buoy  at  b. 

Turn  proper  angles  for  d,  e,  etc.,  to  end  of  curve  with 
ansit  No.  i  and  at  the  same  time  have  like  operations 
srformed  with  transit  No,  2,  setting  stakes  or  buoys  as 
:b. 
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Required  :— To  pmi  i 
curve  through  a  for 
Q  after  having  located  t1 
trial    curve    through  t| 
a  point  P.     Fig.  27. 

It  will  have  to  be! 
moved  ahead  in  the  dV-1 
rection  of  tangent  ata,i' 
distance  Qt,  but  Qt=PQ' 
X  sin  d,  while  angle  d  = 
\c  angle  D.  .  •.  Q  t  =  ofFse* 
-J^-V-^  PQ  X  sin  D. 

Move  point  a  ahead  to 
/^    \c^'  *  distance  S  =  oflFset  x 
■3f35X.  sin  D,  and  the  final  curve 
will  ho  found  to  pass  through  the  point  Q. 

If  trial  curve  passes  through  Q,  and  it  is  desired  to 
\>i\nH  \\\u\\  curve  through  P,  move  b  backwards  on  tan- 
H*M\t  to  a,  a  distance  =  offset  PQ  x  sin  D. 

h\  \\\v  al>ovo  it  is  assumed  that  offsets  PQ=o  and 
oMsot  \  arc  tH|ual. 

Fi  /\     Q    9\  ^  •*       Required:— 

r  i  g  .   /V.  O  .        yy\    rj.^  '  ^^^^  ^^^ 

/      r      PAR  ArLEt  LINES 

~Zy   "I  bj'   tu'o  equal 
.*=-^?vj    reverse  cun-es. 


i?£Q(;iRED:— To  JOIN  TWO  PARALLEL  LINES  by  unequal 
Averse  curves,  having  given  the  distance  ag,   gh  and 
Radius  of  one  curve. 
We  then  have  in  Fig.  28, 

a  g  :  g  h  : :  Radius  :  J  a  f 
2  X  Radius  x  g^ 


af  : 


ag 


g  f  (chord  required)  =ag  —  af=ag- 


R  (radius  curve  required)  ■- 


2  X  Radius  x  gli 

ag 
ag  X  gf 

2gh 


Required: — The  angle  of  curves  to  revrse  between 
two  parallel  lines. 

In  Fig.  28,  let  S  —  distance  between  parallel  lines. 

S 

TATe  then  have  Cos.*D  —(Radius )  h-  Radius. 

2  / 


Fig.  2.9. 


Reqimrkd: 
.  I     To   cr(^ss  from 
^Q)J     one   link   to    a 

"— t  -r^;— ft- «y««J^PARALLKI.     LINK, 

j  I  joining  tlieni  by 

I  I  reverse    curves 

*  r  connected  bv  a 

I  • 

,  I  tangent. 

»4^      In  Fi^.  29,  let 
B  A  A     and     B  H 
represent       the 
J.B.TI.        parallel  lines. 
We  have  angle  D  —  length  of  curve  ab  (chord)  .    de- 
gree of  Curvature,  or 
=-  angle  d  between    required    tan- 
gent (b  e)  and  b  f  parallel  to  A  A 
through  b. 
Pind  tangential  distance  b  h  =  e  g.     We  then  have. 
S  (distance  between  A  A  and  B  B)  —  2  b  h  =  f  e ; 
then  tangent  required  (be)  =  f  e  x  cosec  d,  but 
cosec  d  —  I  -5-  sin  d. 
•*.  be-=  fe-5-sin  d. 
*D  equals  an^le  at  centre,  or  deflection  ang\e  X  "l. 


r.g.so.  ^ 


RcQinKED:^To    LAT 

OCT  A  cr»TE  wmlow'i 
TRAxsrr,  by  chord 
tangential  defiectioBS.  j 
As  shown  in  Fig.  30^; 
Mark  a  point  f  on  tangeiri; 
100  ft  from  a  and  kee^ 
ing  one  end  of  chain  atit 
swing  the  other  end  imtil 
the  distance  f  b  —  taiW 
gential  distance  as  given 
in  Table  No.  104  for  tto 
degpree  of  curve  desired. 


r«  ^K   >id  Next  chain  ahead  fromb, 

**  — "3:^1.  100  ft.  to  g,  putting  g  il 

lino  lib  ]>roduced.  Swing  end  of  chain  at  g  until  di» 
tuiUT  >f  (I  —  twice  f  b.  Drive  a  stake  at  d  and  proceec 
tn  otul  of  the  curve  in  the  same  manner,  making  h  e,  etc. 
*»aM\o  us  distance  gd  or  twice  the  tangential  distance. 

Required:— T( 

LAY  OUT  A  CURVl 
QUICKLY  WITHOU: 
A  TRANSIT. 

As  shown  il 
Fig.  31,  havinj 
located  A  and  I 


Fig.Sl.^^J, 


Engineer  would  be  kept  busy  all  the  time  re-settinvc 
«takes  on  true  curve,  while  the  foreman  can  easily  be 
tiflght  how  to  put  in  such  curve  when  he  meets  an  aii^le 
in  the  line  as  staked  out,  and  to  use  good  judgment  as 
to  the  length  of  tangents.  A  V  and  V  B  need  seldom 
le  over  loo  ft.  in  length,  and  generally  25  or  50  ft.  will 
"be  sufficient  Should,  however,  circumstances  be  such 
that  A  V  and  VB  ought  to  be  of  considerable  lenj^h, 
and  more  points  required  on  the  curve  proceed  as  fol- 
lows: 

Divide  the  i  chords  Ao  and  Bo  into  such  even  num- 
ber of  equal  parts  as  may  be  desired  and  let  N  —  the 
umber  of  parts  into  which  each  is  divided. 


Length  of  per- 
pend  icular 
from  either 
point 


(N  +  I)  X  (N  -  I) 

1  — X  oa 

N' 

(N  -h  2)  X  (N  -  2) 

2  =. 2 X  <^  ^ 


.c. ,  etc. ,  to  each  end  of  the  curve. 
Another  method  (equally  rapid)  Fig.  32. 


ig.  Od.^^.^y  I  -.^; 


\     \  /■ 

•    TO  LAY  OUT  A  CURVE  WITH  A  TAPE  LIHE.  .' 

*.St1v«  «t».k«ftat  A  4B,«^u1cl1«ta.nt  frornDf 

\B1««ct   chord  AB  at  Oj«»Tk  poUt  a,/ 

'■  Mcaaure  ODj^isect  <i  fct  •,,iH*  e«iir^. 

\         trc  point  o-r  th*   cuTv*.       A 

to  F..^ 


Bisect  A»  Md    Ba.  atpoWto 
\     Wake  Ff  kff»\U  C».     /^, 
\Bl«ect  Af,F&,»r  Md   fB..^ 
\«4fc»  pt     "  **      ./-—.- 
'•?  r«c««4  1 


ptrp'«lih«l/4Ff./V 

\.._Md  llkow^ooFoT.A?' 
eiUr  divicion* /^ 
\  '\r  r*«ttirod.  /^ 

\  ..J     / 


X 


••-1. 
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PAVEMENTS  AND  ROADS. 

For  the  following  utimplcte  standard  New  Vork 

sped  ^cations  for  6"- Mac  ad  am  roads,  the  author  is  in  deft 

[  ed  to  hiss  friend,  Hon.  Edward  A.  Bond,  C,  E..  State  E&- 

^gineer.     They  are  in  trod  need  in  prefereiice  to  any  fmii 

his  own  practice,   because   they  are  in  ore  free   iwm 

clauses  relative  to  local  matters  and  conditions. 

Following  the  specifications,  which  are.  on  account d 

[of  their  length,  separated  from  other  mater  relative t( 

PAVbNfENT*;  AND  ROAOs  will  be  fouod  data  appertaimni 

to  many  kinds  of  popular  pavements.     (See  page  i63,( 


( Ad  v*fTiiHemetit IflOO] 


(,,,,..  Divuiitni 


rv BUC   HIGH  W  A  V    I M P K O  \'  K W  KNT. 

State  of  New  York. 


I 


Chapter  iig.  Laws  of  tSgS. 

SPECIFICATIONS, 

Work   jo  Be  Done. 

The  work  to  be  done  under  these  specifications  wi 
eonsi!*t  of  grading  the  road  to  the  established  grade  lines 
constructing  the  necessary  drains,  ditches  and  culvertaj 
and  laying  a  six-inch  Macadam  surface  feet  wid< 

and  all  other  work  necessary  for  the  proper  fulfillmeol 
of  the  contract,  according^  to  the  meaning  and  intent  a 
the  plans  and  specifications,  which  plan  a  are  apartheru 
of.  The  lump  sum  named  in  the  contract  will  cover tli< 
cost  of  all  work  and  materials  necessary  for  completiott 

The  contractor  will  be  required  to  do  all  the  clearinj 
and  grubbing,  all  excavations  and  embankments,  &i 
levelling,  ditching,  grading  and  surfacing,  all  masonr] 
and  stonework,  and  to  furnish  all  materials  for  thesaine 
He  will  be  required  to  build  all  water-ways,  drains  ani 
culverts,  to  clear  away  all  rubbish  which  may  obstHW 
the  road -way  or  the  watei-ways.  He  will  be  requiw 
to  protect  all  fences  and  to  tepait  ot  'c^\as:si  tVa  %^W 
they  become   damaged    or  deslto^j^d  \j^'  \w.m^\^ 
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^smployees.  In  short,  he  will  be  required  to  furnish  all 
^he  materials,  implements  and  labor  required  to  build 
i^nd  put  in  complete  order  for  use,  the  said  miles  of 
r^oad.  He  will  be  required  to  remove  from  the  road  ami 
From  adjoining  property  all  rubbish  and  surplus  mater- 
Uds  pertaining  to  the  work,  which  may  have  accumu- 
MjLted  during  its  prosecution. 

The  whole  work  must  be  conducted  and  completed  to 
Uhe  satisfaction  of  the  State  Engineer  and  Surveyor. 

Grubbinc;  and  Clearing. 

Where  directed  by  the  Engineer  all  trees,  brush  and 
undergrowth  shall  be  removed  for  the  entire  area  in- 
cluded within  the  right  of  way.  All  fencing  material 
Bhall  be  carefully  removed  and  deposited  where  the  En- 
gineer may  direct.  All  stumps  and  roots  shall  be 
grubbed  out.  All  wood  and  brush  thus  removed  except 
fencing  material  shall  be  burned  or  removed  from  the 
ground  so  as  to  do  no  damage  to  the  adjoining  property. 

Excavation. 

All  trees,  stumps,  brush,  sod  and  roots  within  tlie 
road-bed  and  on  the  slopes  shall  be  grubbed  up  and  re- 
moved as  the  Engineer  may  direct. 

The  roadway  shall  be  graded  throughout  its  entire 
length  to  the  width  of  feet  between  ditches,  and 
shall  conform  to  the  lines  and  grades,  as  shown  on  the 
plans,  and  as  given  by  the  Engineer. 

The  side  ditches  and  slopes  shall  be  neatly  and  truly 
cut  with  side  slopes  of  section  showed  upon  plans. 

The  bottom  of  ditches  shall  be  cut  true  to  the  grades 
furnished  by  the  Engineer  in  charge. 

All  rock,  boulders  or  stumps  shall  be  excavated  to  a 
depth  of  at  least  six  inches  below  sub-grade.  Wherever 
such  rock  or  boulders  have  been  excavated,  a  sufficient 
amount  of  clear,  fresh  earth,  sand  or  gravel,  api)r()vcd 
by  the  Engineer,  shall  be  furnished  and  placed  so  as  to 
make  the  surface  conform  to  the  required  «ub-grade. 

Where  clay  or  rock  bottom  is  encountered  it  sliall  be 
excavated  to  a  uniform  depth  of  three  inches  below  sub- 
grade  for  the  entire  width  between  ditches,  and  the  con- 
tractor shall  supply  and  place  a  sufficient  amount  of 
dear  loam,  sand  or  gravely  approved  by  the  E.ivg\vi^fe\ , 
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1^^  maicc  the  ^urimxx  af  tile  macadambed  portian  q 
IntTTO  Ui  the  required  sob-^T^^*^^  the  shoulders  bey 
the   macadAmi^^d  portion   canform    to    the    lines 
JETTAjdcs  f^liown  oti  Lbe  plans. 

If  quicksurrd,  fiite  diast^  spongi'  matenal  or  ye^ 
mmtcr  is  cncoaniered,  at  shall  be  rennoved  to  suc^  ( 
«>.  ni4»%'  be  required  by  the  Engineer  and  repla 
Hofticient  ffravel,  sand   or  loajiu  appTx>ved  by  tlte  ] 
(^ui^er,  to  make  a  ferm  and  stable  fotuidatioti  coEfon 
to  tilt  required  ^ade. 

Where  tliCT-e  is  sod,  or  a  hard  smooth  surface  upi 
Ihf  firi^mal  surface  of  th^t  grotind,  it  thall  be  thorough 
hrofccn  up  and  all  stid  and  %*egetabJe  matter  remove 
l-wfiirc  ary  embankment  is  formed  thereon,  so  as  toff* 
M  ppo]M?r  bond  with  the  new  materials, 

EnOiwnk merits  shall  be  fonued  of  dear  earth  oroth 
m^itvrmU,  satisfactory  to  the  Etigitjeer,  and  shall  I 
ti't^r  fri>n\  s^ef^utflble  matter  i*T  refuse  of  any  kind 

All  I'^Tnb^nktutjjits  shall  hare  side  slopes  as  shown n 
on  I  be  plRW%,  bill  in  no  case  shaU  slopes  be  steeper  t 
i?rr  "'wxjiClt?  itf  repose*'  of  the  material.     They  stiflll  I 
t>*tniNtrniied  in  snceessive  layers^  not  e:xceediu^  sts:iiicla 
U\  Uiii  l4iic.'j«>.,  and  oAch  layer  sihall  be  thoroughly  roU*    j 
\^  I  ill  ti  r*octiona1  iron  mller  weighins^  not  less  thaj]  t»    ^ 
lofi^      Th*"  several  sections  of  such  roller  to  be  aboflfl 
itirrr  H!i*bc!ti4  wide  on  their  faces  and  to  vary  alterDatel)^ 
in  <llM(iu^for  aN>*ii  three  inches.     The   rolling:  shall  W 


fter  the  surface  of  the  sub-grade  has  been  proper h- 
ped  and  before  any  broken  stone  is  applied,  the  sub- 
3e  shall  be  thoroughly  rolled  and  compacted.  This 
ng  shall  be  done  with  a  Macadam  steam  roller  nom- 
ly  weighing  about  ten  (lo)  tons  and  so  built  that  it 
11  exert  a  pressure  of  about  500  pounds  to  the  linear 
I,  measured  across  face  of  rollers.  All  hollows  and 
ressions  developing  during  the  rolling  shall  be  tilled 
a  material  acceptable  to  the  Engineer,  and  the  rolling 
11  be  continued  until  no  depressions  can  be  formed 
a  the  roller. 

Then  the  sub-gp:ade  consists  of  sand  which  will  not 
solid  ate  when  wet  under  action  of  roller,  the  road- 
shall  be  formed  to  the  desired  shape  and  then  cov- 
i  with  one  layer  of  broken  stone,  sufficient  in  quan- 
for  fragments  to  touch  each  other.  This  shall  then 
wet  and  rolled  until  consolidated, 
^hen  the  sub-grade  consists  of  sticky  clay  too  great 
jxtent  to  be  removed,  this  shall  be  formed  to  the  de- 
id  shape  and  then  covered  with  about  four  inches  of 
id.  This  shall  then  be  rolled  until  consolidated. 
•^o  broken  stone  other  than  that  above  mentioned 
ill  be  placed  on  this  sub-grade  until  the  latter  has 
en  accepted  by  the  Engineer. 

Underdrains — Vitrified  Pipe  and  Porous  Tilk. 

Lateral  underdrains  shall  be  provided  on  one  or  l:)()Lh 
ies  of  the  road,  where  shown  on  the  plans,  to  drain 
It  and  wet  portions  of  the  road. 

For  lengths  of  500  feet  and  over  these  shall  be  of  iivc- 
ich  vitrified  tile,  first  quality,  salt  glazed,  free  from 
listers  and  cracks,  straight  and  round. 
No  chipping  shall  be  allowed  to  insert  spigot  end  into 

The  trench  for  the  drain,  two  to  four  feet  deep,  shall 
3e  dug  to  the  line  and  grade  furnished  by  the  Engineer. 
The  bottom  shall  be  covered  with  two  or  more  inches  of 
gravel  or  gravelly'-  earth  and  the  pipe  shall  be  laid  as 
fast  as  the  trench  is  ready. 

The  minimum  slope  for  lateral  drains  shall  be  two- 
tenths  of  a  foot  per  hundred  feet,  except  in  special  cases 
where  one-tenth  foot  per  hundred  feet  may  be  used  with 
^reme  care  in  laying. 
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if  Amftrii^xi  PKmland  t 
'  two^thztds  oi  tiie  bell  sbi 
ti»  flfk4  wnh  noil  of  **-^^"":  pushed  ia  after  pipe  klai 
The  ptp«  »h»n  be«»vered  as  laid,  with  six  inches  i 
fiMire  '^f  ip^vel  or  parous  earth,  placed,  pajcked 
Uifnped  a>rt>ii0d«  under  and  over  it,  aad  the  Ireach  Sib 
t1]«n  b«  filled  with  the  best  available  material,  pot  ck 
l)uHnK  the  laying  <?f  the  pipe,  and  until  the  completid 
ui  the  drjiin»  there  shall  be  kept  inside  of  the  drai^ 
iUi%0  Httin]^  bunch  of  burlap  fastened  securely 
\\w  end  of  a  fonr-foot  handle,  this  shall  be  drawn  i 
Wiiril  «f*  pitch  joint  is  added  in  order  to  remove  i 
iiioitiM  which  may  project  inward  at  the  joints,  audi 
jnvvvill  *iuy  intones  or  other  obstructions  from  being! 

^ru^it  fSit  may  be  used,  when  so  shown  on  t 
^lij^ifciit,  |w  lh«?  shorter  side-drains  or  for  trans>'ert 
Ua^^Ua.  w^btffv  Hu  ii.st*d.  the  tile  must  be  cylindri^,! 
}t)%i  ^iu*fchi>.  w«ll  burnt,  cherry- color,  straight,  sum 
^ml  Uvif  ii^vm  i^mck'i.  TNe  trench  must  be  fitted  ton 
^mUv  Ih4«  {il\*^  tJv  v  .     -  bottom  accurately  to  gradft 

^ilrH  4  aiimviifc)  ^tiVt'r    ■..1  ■•   '■'■'  tit  the  shape  of  the  i 
iUy  ynUlL  m>^  t>|w  blt»  ^«1]  be  laid  in  dose  contact,  i 
Jl  by   ■ --^^  ^^^^^:b  Li  !jitfcizot'  btirlar?  t-^elf 


xe  size  which  will  produce  stone  of  the  sizes  herein 
>«cified.  They  must  have  on  all  sides  a  rough  surface 
>tained  by  fracture.  Water-worn  pebbles  or  crushed 
»bble-stone  will  not  be  accepted.  Disintegrated  and 
rather-worn  stone  from  the  surface  of  a  quarry  will 
at  be  accepted.  The  stone  for  the  different  courses 
iTist  be  thoroughly  cleaned  before  crushing  and  well 
sreened,  clean  and  free  from  injurious  matter  of  every 
Bture. 

Kind  and  Sizes  of  Broken  Stone. 

Xhe  broken  stone  shall  be  of  two  courses.  The  bot- 
Un  course  will  be  four  inches  thick  and  may  consist  of 
rap  rock,  granite,  or  any  of  the  harder  grades  of  lime- 
bone,  broken  in  sizes  varying  from  a  minimum  of  one 
nd  one-half  inches  to  a  maximum  of  three  inches  in 
beir  longest  dimensions. 

The  top  course  shall  be  two  inches  thick  after  rollinj^^ 
nd  shall  consist  of  trap  rock  broken  in  sizes  varying 
rom  a  minimum  of  one  inch  to  a  maximum  of  two. 
iches  in  their  longest  dimensions. 

Limestone  screenings  not  exceeding  one-half  inch  in 
ize  and  free  from  all  dirt  shall  be  added  to  fill  all  intcr- 
tices  that  cannot  be  filled  by  the  rolling  or  compacting 
f  the  other  stone.  Such  screenings  must  be  free  from 
arth,  sand,  loam,  or  vegetable  matter  and  shall  con- 
ain  all  the  dust  of  fracture. 

Spreading  and  Rollin(j. 

After  the  earth  sub-grade  has  been  completed  as 
ipecifiedand  has  passed  the  inspection  of  the  Engineer. 
I  layer  of  broken  stone  of  the  size  and  quality  hereiti- 
aefore  specified  for  the  bottom  course  and  of  sikIi 
iepth  as  will  when  rolled,  make  a  course  four  inches 
thick,  shall  be  spread  evenly  over  the  prepared  sub- 
grade  using  preferably,  spreader-wagons  therefor.  'Hie 
roller  shall  then  be  rolled  first  along  the  edge  of  the 
stone  lapping  upon  the  shoulder  about  six  inelies  and 
going  backward  and  forward  several  times  on  each  side 
"before  rolling  the  center.  The  lower  course  should  be 
rolled  abqut  forty  times  dry,  or  until  the  stones  do  not 
"Weave  ahead  of  the  roller.  Screenings  shall  then  be 
spread  uniformly  over  the  surface  to  a  depth  of  one- 
ha)fwch  by  means  ot  a  spreader-wagon,  \v"h\e\\  caw  \^^. 
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sfl  tti  distribute  the  screenings  in  any  desired  qi 
over  the  surface  of  the  roadway.  In  the  absc 
N»vh  u  spreader-wagon,  the  screenings  shall  be  d 
n\  piles  at  proper  intervals  along  the  side  of  th< 
way  \x\xm  the  wings,  with  plank  set  on  edge  i 
thv  Makes  Id  prevent  the  piles  of  screenings  from 
iuti>  tht  ilitch.  In  no  case  shall  the  screenii 
duiujHjil  directly  in  mass  upon  the  crushed  sto 
ihcv  shall  Ih."  spread  uniformly  by  spreader-wage 
shovels,  The  screenings  shall  then  be  rolled  di 
I  hey  have  uearly  all  disappeared  when  another 
screenings  shall  be  spread  and  wet  with  sprink 
u>lleil  adding  more  material  if  necessary  until  a 
votilsare  Hlle<.l,  leaving  the  surface  free  from  scr 
m  all  places. 

rhe  tvp  vXHirse  ot  stone  shall  then  be 
imcnci  \  ni^  tbe  grade  oJid  cn.iwn  as  described  for 
u»iii  oM!->;e.  Roll  the  top  course  ten  times  dry  a 
":'^  .l-v  screenings  about  one  inch  d« 
••cs  .l-v.  Ai'tsr  which  cake  a  section  t 
.'j':^  j,:t«.-  sacu'^^ce  with  ^water.  followi 
v*^v:'e.::  Ji:n»:ujit  oi  water  shall  be  p 
■K*  '  '-jils  T  -.uicl  it  :>howrj  «.m  Che  surf ac 
■:  ■>  ■  =»c  -'i'rnui  u.-icil  a  grouc  has  been 
■'•,V't  -jji^s  ^wiie--iu:»c  and  wacer.  Ai 
».;c«*     I.!     M    v'le  vijids*.  it  will  appea 
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bction  of  the  road,  screenings  shall  be  again  spread 
kSwre  required  tx>  leave  them  yi  of  an  inch  deep  for  a 
Maring  surface. 

"  The  road  shall  then  be  left  for  forty-eight  hours  or 
Mtager  if  required  until  the  surface  has  dried  so  that 
ib  roller  can  pass  without  sticking,  but  the  road  will 
■t  be  moist  enough  to  pack  well.  It  shall  be  aj^ain 
Med  for  about  ten  times  dry  and  then  sprinkled  twice, 
l|k>wing  with  the  roller  as  long  as  possible  without 
p&ing  up  the  surface.  This  portion  of  the  road  shall 
Im  be  left  to  dry  for  a  time  varying  from  two  days  to 
Nrfek,  when  it  may  be  opened  to  travel. 
As  soon  as  a  section  of  loo  feet  in  length  shall  have 
len  completed  in  compliance  with  these  specifications 
ad  has  dried  as  described,  it  shall  be  thoroughly 
Irinkled  at  least  once  a  day  for  thirty  davs.  At  any 
Be  during  this  period,  if  it  is  the  opinion  of  the  En>i^i- 
jter  that  a  better  result  can  be  obtained  by  going  back 
lithe  finished  work  with  the  roller,  this  shall  be  done: 
Winarily  this  should  be  done  every  four  days,  rollinj^ 
Ib  section  about  five  times.  Rainy  days  shall  be  de- 
•ted  to  rolling  the  finished  work. 

Method  of  Carrying  on  the  Work. 

The  work  shall  all  be  carried  along  together  wliere 
racticable,  the  fine  grading  and  rolling  of  sub-grade 
eing  done  just  ahead  of  the  lower  course  of  stone  and 
ot  exceeding  500  linear  feet  in  advance  and  as  soon  as 
bOoo  linear  feet  of  the  lower  course  of  stone  has  l)ecn 
qiton  it  shall  be  followed  up  with  the  top  or  finisliini^ 
imrse,  and  at  no  time  shall  the  lower  course  be  over 
,000  linear  feet  in  advance  of  the  top  of  finisliins^ 
oarse. 

The  screenings  used  in  both  courses  of  stone  shall  1)c 
lelivered  in  advance  of  the  stone  and  piled  along  on  tlic 
•houlders  in  regular  piles  containing  the  required 
imount  necessary  to  complete  the  work  and  shall  in  no 
sase  be  dumped  upon  the  road. 

Where  it  is  practicable  a  driveway  shall  be  main- 
^ned  on  one  side  of  the  improved  portion  of  the  road 
:hat  it  may  not  be  necessary  to  haul  material  for  the  to]) 
Dourse  the  full  length  of  the  lower  course  that  has  been 
rolled. 

155 


I 


Defth  aku  Width  of  Pavement, 
The  pavement  when  completed  sbj^l  be 
tm  vridtb  and  sb^!  be  At  least  j^ix  mcbes  in  depth,  as  i 
r«ijtiired  br  the  specifications,  a.nd  of  stich  crovsTi 
Itum  <»f  gutter  as  art?  shown  on  plans ;  and  in  any 
the  thickness  on  the  pavement  is  to  be  detennined 
\u\i3'  Al  right  atj]^les  to  the  grade  and  crown. 

So  alhwmi^t  hjUI  b^  made  for  a  hi/  materiai  dfiven  ii 
fV  *Hb'gradf  by  r&UtHgt  or  miatatf  mad^  hy  rnntradof 
tfgrcfirfiJ^Ti^  or  fill  n^.  The  use  of  a  proper  roller,  m 
nt<»rs  tir  other  suitable  implements,  is  to  be  substitnU 
for  th*il  of  the  steam  roller  when  the  Engmeer 
dtracts. 

Extra  Mate-rial  for  Maintenakck. 

Where  called  for  in  the  estimate  of  quantities,  in  < 
Titian  Ifi  the  crushed  trap  and  screeninjjs  of  limesto 
uaod  ill  tht*  work  above  de^&cribed.  tbere  shall  be 
IKnivid^  suificient  quantities  of  e^ch  to  form  at  mt^ 
VHis  iif  WHi  feet,  piles  of  crushed  trap  and  of  limestoi 
^'rt.*t*iiiiijjit;  each  pile  to  be  about  5  feet  by  6  feet  and 
^  ncttll)'  formed  at  one   side  of  road   and  to  coota 
4iWui  line  cubic  yard  of  crushed  trap  and  one-fifth  cull 
Vnui  *4  i*crrc»mgs. 

Masons  V. 

All  »44iMtiirv  siiall  be  UM  In  Pkvtland  cement 
n^  s',-.-.  HH^!  K^l   ,v      xr^  ^tjjse  sball  be  sound,  dural 


>r  dams  neither  headers  nor  stretchers  shall  extend 
lore  than  two-thirds  through  the  wall.  For  these 
Tuctures  this  clause  takes  place  of  any  conflicting 
receding  clauses. 

Width  ok  Bed.  Least  size  equal  to  the  rise,  but  not 
ss  than  twelve  inches. 

Cutting. 
Exposed  faces  shall  be  **rock-faced"  with  projections 
»t  more   than  four  inches  and  with  no  hollows.     The 
ce  line  of  each  face  stone  shall  be  pitched,  and   all 
igles  of    structures  shall   be  pitched.     No   dog-holes 

face. 

Joints. 

Horizontal.  Three-quarters  of  an  inch  for  six  inches. 
Vertical.  Three-quarters  of  an  inch  for  six  inches. 
ints  to  be  true  and  square  with  face. 

Bond. 
Bonds  of  all  stones  in  face,  heart  and  back  must  l)e 
least  eight  inches.  Headers  must  come  directly 
er  stretchers  in  next  lower  course  and  between 
jaders  in  next  course  below  and  above,  and  between 
iaders  in  front  and  rear  of  same  course. 

Backincj. 

CoL'RSEs.  Least  thickness  six  inches,  but  two  coutsls 
•  more  may  back  one  face  course.  Laid  with  i^ood 
earing  on  broadest  bed. 

Size  of  Backin(;  Stone.  Good-sized,  having  bids 
bout  parallel  but  not  dressed,  not  less  than  two  s(jiia!\ 
eet  surface  of  bed. 

Headers.     One-fourth  of   each  course  plaeed    iiitc: 
nediate.     No  hollows  in  face. 

Joints.  All  backing  stone  shall  belaid  in  full  ]n-<\^ 
3f  mortar,  into  which  small  stones  shall  be  })oiin(k(l  tn 
fill  all  spaces.     No  grout  shall  be  used. 

Bond.  All  backing  stones  must  break  joints  imd 
bond  eight  inches  or  more. 

CopiN(;. 
As  shown  on  plans,  formed  of  stone  or  concrete. 
Size.     Each  stone  shall  be  of  uniform  thickness  for 
continuous  lengths  of  not  less  than  thirty  feet.     Each 
stone  shall  cover  full  width  of  wall  wMth  length  at  least 
equal  to  width  except  when  width  exceeds  tYvtee  ieeV. 
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L  rrxix*,.  Pomt*i  pToiecting:  more  thim  two  inclii 
iiiM»vt  frent?ra!  sunact-  ni  top,  shall  be  remoTed. 

'i.«iyT>.  AY.  i>ed  and  enci-iointB  cut  f or  three-qnarti 
iiiji    n)ini>  ur.  full  width. 

]>i'Ni  Eaci:  stont  Ahull  bond  eipfhi  inches  ormoi 
viii   sii»nt  inintaiL 

K:  .ii.  <n  "W.v A.-  shovrr  or.  ])ians. 

AliCHKr*. 

>;::i.  Arjnt.*>  formed  of  second-cluHh  iiiasc»nT}-  shal 
liii'-i  T^n^:-:?tone^  aiu.  sheeting-STont.*s  ncn  ]es5.ihaiisn 
lllJnl.*^  tiiiL'i.  a:  lnI7udo^».  ii:  regular  or  irrejj:z.lar  broka 
.-ourst*.-*.  a^  TWii}  i>e:^;  siii:  tht-  stont  used. 

.  ;■■■-:%..  Tilt  exterior  Tat^t•  shal".  be  dressed  to  la} 
viinii.  uiret-niturter  niui.  o:'  the  centering;.  Xo  dog- 
iKflt'-   11.   Tai»e^. 

■  .•.v::-  Tin  lom:  must  i>f  rui  on  radia]  lines  with 
iir'tn-niiaritr  niL*i.  loiuts  ti»  the  ful'.  depth  shown  on 
:nuii>  lo'  :iu  tnijknes>  o:  arct.. 

i>  M  "'lu  -iii£:-sioiie>  and  tht  shtwunp-stc^nes  mnst 
:-:;ii    i.>iu:?  no;   lt^^  tnui:  eitrh:  mchtis. 

:.v  i..vi.  'Viu  ii^ci  siiul!  I H- coated  ori  the  back  with 
..:•:-:;..!    :ik-i    Ni.    .  Vortiant.  t'^men;  mortar. 

Thfm-Ciav  Mamnry. 

..■..;>,:•  i.;\L-i:i:r  o*  ir'Hi^'-uiar  hroktir..  as  n; ay  best 
•  ..  .  .ii:  s;.llu*^  i:?n:\.  'D-niiuj:.  cfood  si:i>staT:tiaI  rjbbk 
...:.>.•:.'■      n:-i:.:;\    *;i<)n:-v  siiul'.   in- used  ai  all  angles  or 


'ertical.     Average  not  more  than  one  inch. 

Bond. 

k>nds  of  all  stones  in  face,  heart  and  back  must  be 
least  six  inches. 

headers  must  come  directly  over  stretchers  in  next 
vev  course,  and  between  headers  in  next  course  below 
d  above  and  between  headers  in  front  and  rear  of 
me  course. 

Backing. 

Projecting  points  shall  be  removed  from  top  and 
)ttom  beds  of  all  backinsj:  stones  which  shall  be  laid 
ith  good  bearing,  on  broadest  bed,  in  full  bed  of  motar 
ito  which  small  stones  shall  be  pounded  to  fill  all 
paces.     No  grout  will  be  used. 

Bond.  All  backing  stones  must  break  joints  and 
jond  six  inches  or  more. 

Coping. 
As  shown  on  plans  formed  of  stone  or  first  class 
K)ncrete. 

Size.  Each  stone  shall  be  of  uniform  thickness  for 
continuous  lengths  of  not  less  than  thirty  feet.  Each 
stone  shall  cover  full  width  of  wall,  except  when  width 
exceeds  three  feet. 

Cutting.     Points  projecting  above  general  surface  of 
top  shall  be  removed. 
Joints.     Shall  average  not  more  than  one  inch. 
Bond.     Each  stone  shall  bond   six   inches  or   more 
'With  stones  beneath. 

Arches. 
Arches  formed  of  third  class  masonry  shall  have  rinji^- 
stones  and   sheeting-stones  not   less  than   six   inches 
thick  at  intrados,  in  regular  or  irregular  broken  courses, 
as  may  best  suit  the  stone. 

Cutting.  The  ring-stones  shall  be  dressed  to  lay 
within  three-quarter  inches  of  the  centering  and  the 
sheeting  stones  shall  consist  of  selected  stones  of  the 
depth  of  the  arch  with  good  bearings.  No  dog-holes 
in  faces. 

Joints.  The  joints  shall  be  on  radial  lines  for  full 
depth  shown  on  plans  for  the  thickness  of  arch  and  shall 
not  exceed  three-quarters  inch  at  intrados  and  one  one- 
half  inches  at  extrados. 
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Bond.  The  riug-stones  and  sheetrng-stooea  mast 
break  joiDts  not  le&s  than  six  inches. 

B  A L' K I N^ G .  The  ex trados  shall  be  roughly  dressed  a&l 
tilled  with  mortar  in  which  the  stoties  shall  be  forced 
uoiil  spaces  are  completely  filled. 

Tbd  moitciT  sli&U  be  made  of  best  qttaHty  of  Americaft 
tV^rtlauid  ceiaenc,  and  dean,  sharp  sajid^  in  the  prc^- 
tnjti  of  three  paris  oi  sand  to  one  of  ^lenieait  by  volmii& 

X^>  o^m«Dt  TiM  be  i^sed  in  any  P^^t  of  the  xnason^ 
aaitl  the  Saglnear  ^baM  kae«e  apfifoved  i^  It  mti^t  be 
ditt^YVtied  in  ^ifgtit  ImAVtM  or  1k*g;s^  as  the  Engineer  mtj 
S^w:^    awl  l%eratar  lie  pwpegly  firotocted  from  thQ 

>ft»iirtfaii'j  ^  ^Mntunti  itaM  a£  m^tlfte  itime  and  fadlitc| 
'*^m:  ir  r^  liRiift:.  ^Sk^ionnailtwr  »Bfei  laii  lie  ttsed  exc«£i 


rater  test  at  125  degrees  for  twenty-four  hours 
ut  *  *  blowing/*  Portland  cement  when  mixed  neat 
not  take  its  initial  set  in  less  than  tvi'enty-five 
:es  and  when  exposed  one  day  in  air  and  six  days 
ter  shall  withstand  a  tensile  strain  of  not  less  than 
Dunds  to  the  square  inch,  and  when  mixed  in  the 
of  three  pounds  clean,  sharp  sand  to  one  pound  of 
at,  and  exposed  one  day  in  air  and  six  days  in 
•,  it  shall  withstand  a  tensile  strain  of  not  less  than 
ounds  per  square  inch. 

Stone  Pavinc;. 
►ne  paving  shall  be  laid  for  culvert  entrances  and 
ms  and  outlets  and  at  such  other  places  where  it 
be  shown  on  plans  or  may  be  ordered  in  writini^ 
le  Engineer. 

le  paving  shall  be  formed  of  sound,  durable.  Hat, 
ry  stone  laid  on  edge  and  lengthwise  of  the  flow, 
undation  for  paving  shall  be  formed  of  sand  ov 
el  "which  shall  be  classed  and  accounted  as  lining, 
which  shall  not  be  less  than  six  inches  in  thickness. 
paving  shall  be  formed  of  stone  not  less  than 
ve  inches  deep  or  as  shown  on  the  plans  and  not 
than  four  inches  wide  and  twelve  inches  long,  laid 
reak  joints  at  least  four  inches.  Each  stone  must 
nil  depth  of  the  paving  as  shown  on  plans  and  t be- 
ts shall  be  filled  with  gravel,  or  with  cement  mortar 
)  specified  in  the  quantity  sheet, 
he  completed  paving  shall  be  thoroughly  rammed 
is  to  bring  each  stone  to  a  firm  bearing  on  the  gravel 
and  and  all  to  a  uniform  surface. 

Flagging. 

dl  flagging  shall  be  of  sound,  strong,  durable  stone, 
less  than  four  inches  thick,  of  a  quality  satisfaetory 
:he  Engineer  and  of  such  sizes  as  may  be  required  to 
in  the  different  culverts,  and  have  a  firm  bearmg  ot 
least  nine  inches  back  from  the  face  of  the  support- 
l  walls.  The  joints  between  adjacent  stones  must 
t  exceed  an  average  width  of  one  inch. 

Bridges. 

Abutments  shall  be  built  of  masonary  as  shown  on 
ans.    Bridge  shall  be  as  shown  on  the  p\aivs. 
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Existing CvrLK  Paihs  ash  Foot  Paths. 

Wherever  a  cycle-paili  or  foot-path   shall  liave 
constructed  along  the  road  which  ivS  to  be  impmv 
said  path  shall  be  recognised  by  the   Contractor 
existing  aad  important  work  which  shall  not  be  t.-oi 
injured  or  obstmcted  unless  ttie  location  is  such  thl 
«uch  path  cannot  be  wholly  avoided. 

Cltlvekts  Benkath  Drivewavs. 

Cast  Iron  Pipk*     Where  the   side  ditches  mw 
carried  beneath  driveways  and  road-tra?^singSt  cdvi 
shall  be  of  cast  iron  pipe  of  si»es  and  lengths  sh<mTiol 
plan;^. 

The  pipe  may  be  of  second  quality;  but  must  be 
in  dry  sand  moulds  placed  vertically,  and  truly  centBiM 
The  iron  must  be  of  good  quality,  uniform  in  thicknesn 
and  full  strength,  coated  with  coal-pitch  varnish  mui» 
with  linseed  oil  to  form  a  hrra  tough  coating. 

The  joint  shall  be  made  by  placing  a  gasket  of  oakufl!, 
and  filling  hub  with  mortar  formed  of  equal  parts 
American  Portland  cement  and  clean  sharp  sand. 

The  back-filling  around  the  pipes  shall  be  thoroug!i]l( 
tamped  under,  around  and  over  the  pipes  and  tbfl 
driveways  and  road-crossings  left  in  good  condition. 

Vitrified  Pipe.  Vitrified  pipe  shall  be  fumislied  an^ 
laid  for  drains  as  shown  on  the  plans.  AH  pipes  slwl 
be  first  quality,  salt  glazed,  free  from  blisters  afli 
cracks,  straight  and  round.  No  chipping  will  be  ato' 
ed  to  insert  spigot  end  into  bell.  All  pipe  shall  U 
extra  thick  with  extra  large  bell.  All  pipes  shall  ^ 
laid  true  to  the  lines  and  grades  furnished  by  tlK 
Engineer.  Nothing  but  selected  fine  material,  W 
from  cobbles  or  large  stone  shall  be  placed  under  fli 
aroutid  the  pipe,  and  all  material  placed  under  d 
around  the  pipe  shall  be  thoroughly  tamped  with  a  tliiJ 
iron  tamping  bar.  All  joints  shall  be  made  of  mortar  coi* 
posed  of  one  part  cement  to  one  part  clean,  a»ais< 
sand.  The  pipe  shall  be  laid  on  timber  foundati^^i 
found  necssary. 

Steel  For.  BuincES. 

Steel,  except  as  otherwise  provided  by  these 
cations,  shall  be  made  by  the  acid  or  basic  open-hcai 
process   and    shall  be  vrnvtotm  m  cVvatBitt^x,  ^^Ss 
ituRteri^l      shall     be    clean,     sTtvotil\\,    stYa^^^ 


>e,  of  workmanlike  finish  and  free  from  defects, 
tructural  shapes  shall  be  of  medium  steel, 
ivets  shall  be  of  soft  steel. 

lUM  Stkel.  Test  pieces  cut  from  finished  material 
ho\\'  an  ultimate  strength  of  not  less  than  sixty 
md  (60,000)  pounds  per  square  inch  and  not  more 
■>ixty-eight  thousand  (68,000)  pounds  per  square- 
in  elastic  limit  of  not  less  than  thirty-five  thou- 

35,000)  pounds  per  square  inch,  an  elongation  of 

ss  than  twenty-two  (22)  per  cent,  in  eight  (8)  inches. 

,  reduction  of  area  at  the  fracture  of  not  less  than 

(40)  per  cent. 

iium  steel  shall  not  contain  more  than  five  onc- 

redths  (05-100)  of  one  per  cent,  of  sulphur. 

id    steel    shall    not    contain   more    than    six    onc- 

redths   (06-100)  of  one  per  cent,  and   basic   steel 

not  contain  more  than  four  one-hundredths  (04-1  oo) 
le  per  cent,  of  phosphorous.  It  shall  endure 
ing  at  eighty  degrees  (80  deg.)  Fahrenheit,  one 
Ired  and  eighty  degrees  around  a  circle  whose 
leter  is  equal  to  the  thickness  of  the  test  pieee 
out  signs  of  cracking. 

•FT  Steel.  Test  pieces  cut  from  finished  material 
I  show  an  ultimate  strength  of  not  less  than  fiftv 
.sand  (50,000)  pounds  per  square  inch  and  not  more 
1  fifty-eight  thousand  (58,000)  pounds  per  scjiKirr 
I,  an  elastic  limit  of  not  less  than  thirty  thousand 
>oo)  pounds  per  square  inch,  an  elongation  of  not 

than   twenty-eight  (28)  per  cent,  in  eight  (8)  inelK> 

a  reduction  in  area  at  the  fracture  of  fifty  (50)  pr: 
t. 

oft  steel  shall  not  contain  more  than  four  onc- 
idredths  (04-100)  of  one  per  cent,  of  sulphur.  Acid 
3l  shall  contain  not  more  than  five  one-hundredths 
-100)  of  one  per  cent,  and  basic   steel  shall  contain 

more  than  three  one-hundredths  (03-100)  of  one  ])c: 
it.  of  phosphorous.  It  shall  endure  bending  as 
icified  above  for  medium  steel  flat  upon  itself  without 
ns  of  cracking. 

Iron  Castings. 
[ron  castings  shall  be  made  of  the  best  quality   of 
%y  iron  and  shall  be  free  from  defects. 
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Workmanship. 

All     workmanship     Jihall     be     first-class     m 
particular, 

INSPECTION, 

All  material  and  workmanship  Khali  be  subject  at 
rimes  to  i  aspect! on  and  acceptance  or  rejection  by 
Siiitt'  Engineer  aiid  Surveyor. 

All  stnicttiral  material  and  workmansbip  shall 
plv  with  the  bridge  specifications  of  the  State  Engini 
*uid  Surveyor  for  the  year  I  goo. 

TjMSEft  AND  Planking* 

iSrtiber  4ind  planking  shall  be  used  as  shovrn  on 
j^Uns  Aud  as  directed  by  the  Engineer.     All  timber 
j^L^tikin^  shall  be  of  a  kind  shown  on  the  plans, 
Hml  1ff*f«  fn>m  sap,   shakes,  bad    knots  or  decay 
.uv^'pti*bl«'  ti*  the  Engineer. 

F¥.NC!Nt;^. 

fr\nivt?  will  be  constructed  on  lines  given  by  tl 
Kv^intfi^,  in  accordance  with  the  plans  and  the 
*j*wi»icAtiojis, 

hn^iA  will  tw  of  oak,  cedar,  chestnut,  or  other  wod 
KvvptAbk*  to  the  Enginijer.  and  six  inches  square,  of 
■^t^x  tfji  nich^fS.  m  diameter  at  the  smaller  end,  if  round, 
iilyi  m^i  b^M-k  i^  removed;  and  siJt  and  one-half  feet 
''11;^       r^ov  will  l>e  [Hatched  for  gtiard  rails,  as  shown 


brand,  delivered  upon  the  work  in  unbroken  cans.  The 
Srst  coat  shall  be  light  in  color  and  the  second  coat 
^ck,  so  as  to  enable  the  inspector  to  see  that  each  coat 
ully  covers  all  parts. 

Cleaning  Old  Culverts. 

Where  called  for  on  plans  old  culverts  must  be 
ioroughly  cleaned  to  the  satisfaction  of  the  Engineer. 

Seeding  Slopes  and  Shoulders. 

At  the  time  and  in  a  manner  directed  by  the  Engineer, 
le  Contractor  will  seed  the  shoulders  and  down-hill 
opes  with  a  lawn  grass  seed,  of  a  kind  and  quality 
itisfactory  to  the  Engineer,  using  not  less  than  one 
ushel  to  the  acre. 

Engineer's  Estimate  of  Quantities. 

. .  ^cres  Grubbing  and  Clearing. 
.  .  Cu.   yds.  Excavation  of  all  kinds  (including  Earth 

and  Rock)  of  which.  . .  .cu.  yds.  are  to  be  placed  in 

embankment. 
. .  .  Cu.  yds.  Broken  Stone  Macadam  Foundation  rolled 

in  place. 
.  .  .  Cu.  yds.  Broken  Tap  Rock  Top  rolled  in  place. 
. .  .Cu.  yds.  extra  Broken  Tap  Rock  for  maintenance. 
.  .    Cu.  yds.  Limestone  Screenings  in  place. 
...Cu.    yds.    extra   Limestone    Screenings   for   main- 
tenance. 
. .  .Cu.  yds.  Second  Class  Masonry  in  Cement  Mortar. 
. .  .Cu.  yds.  Third  Class  Masonry  in  Cement  Mortar. 
.  .  .  Cu.  yds.  Paving. 

. .  .Sq.  feet.  .  .inch  Stone  Flagging  in  place. 
.  .  .Linear  feet. .  .inch  Cast  Iron  Pipe  (for  side  drains 

laid  in  place  complete). 
. .   Linear  feet  12  inch  Cast  Iron  Pipe  (for  Culverts  laid 

in  place  complete). 
Linear  feet  15  inch  Cast  Iron  Pipe  (for  Culverts  laid 

in  place  complete). 

—  Linear  feet  18  inch  Cast  Iron  Pipe  (for  Culverts  laid 
in  place  complete). 

Linear  feet  20  inch  Cast  Iron  Pipe  (for  Culverts  laid 

in  place  complete). 

—  Linear  feet  24  inch  Cast  Iron  Pipe  (for  Culverts  laid 
in  place  complete^. 
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ty  or  parties  of  the  second  part  do  not  guarantee  the 
rectness  of  the  quantities  above  stated,  althouj^h 
s  has  been  taken  in  preparing  same,  and  that 
5th er  these  quantities  are  increased  or  diminished 
sum  will  be  paid  therefore  in  excess  of  the  Uimp 
n  named  in  the  contract,  unless  the  plans  or  specifi- 
ions  shall  have  been  changed  as  provided  for  in  tlie 
eneral  Clauses"  of  this  specification. 

Clauses  of  General  Application. 

The  plans  and  specifications  are  a  part  of  the 
itract  and  will  be  held  to  cover  any  and  all  work  that 
lid  be  reasonably  inferred  as  needed,  taking  the  two 
;ether  for  a  complete  and  workmanlike  job.  Work 
>\vn  on  the  plans  and  not  mentioned  in  the  specifica- 
ns  or  vice  versa  will  be  done  the  same  as  if  shown  by 
ch,  when  and  where  required. 

I.  All  work  will  be  neatly  cleaned  up  on  completion, 
:;ording  to  the  Engineer's  directions,  and  be  left  in  a 
at  and  orderly  condition  ready  for  use. 

3.  The  Contractor  hereby  assumes  all  risks  and 
ibilities  for  accidents  or  damages  that  may  accrue  to 
irsons  or  property  during  the  prosecution  of  the  work, 
y  reason  of  the  negligence  or  carelessness  of  himself, 
is  agents  or  employees. 

4.  The  successful  biddei  shall  satisfy  the  vState 
iingineer,  before  the  contract  is  awarded  to  him,  tliat 
le  has,  or  will  promptly  provide  suitable  and  proper 
men,  and  all  tools  and  machinery  for  each  of  the  dif- 
ferent kinds  of  work. 

5.  Should  any  work  be  required,  that  in  the  jikIk- 
ment  of  the  State  Engineer  is  not  included  under  these 
specifications,  or  not  covered  by  the  prices  named  in  the 
contract,  such  work  shall  be  done  pursuant  to  the  State 
Engineer's  written  direction,  after  the  price  therefor 
^hall  have  been  agreed  upon. 

6.  The  right  is  reserved  to  make  such  chanj^es  in 
the  plans  or  specifications  as  may,  from  time  to  time, 
appear  necessary  or  desirable,  and  such  changes  shall  in 
Qo  wise  invalidate  this  contract.  Should  such  changes  be 
productive  of  increased  cost  to  the  Contractor,  a  fair 
and  equitable  sum   therefore,  to  be  agreed  upoii  Xivilc^x^ 
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iuch  changed  work  sball  ha%^e  been  b^um  sh^U  be 
added  Iti  the  txin tract  price,  and  in  like  maimer  deduc- 
tion f*  shall  bt;  made, 

7.  The  Contractor  shall,  without  esttra  oompensalioi. 
grade  a  safe,  proper  and  workmanlike  coBneCtioii  wrti 
ail  intersecting  public  or  private  roads  <w  driveways^ 
acciirding  the  Engineer's  directions. 

8.  The  work  shall  progress  in  such  manner  and  *t 
such  time  at^  the  Engineer  may  direct 

9-     All  material  which  may  be  rejected  shall  at  ODOt 

be  removed  from  the  vicinity  and  replaced  by  tmateriiJ 

of  approved  quality* 

10.     The  Contractor  shall  give  bis  constant  persoiwL* 

attention  to  the  work  while  it  is  in  progress,  or  he  shall 
|>late  it  in  charge  of  a  competent  and  steady  forejuaa 
"whiy  shall  have  authority  to  act  for  the  Contractor,  mi 
who  Khali  he  acceptable  to  the  Engineer  The  Contra^, 
tor  shall  at  all  times  employ  Sjufficicnt  number  of  work- 
men for  the  proper  performance  of  the  several  wort* 
I  which  he  shall  prosecute  to  full  completion  m  the 
Simnner  and  time  speuifled.  Any  workman  whom  thi* 
En(iineer  may  deem  incompetent  or  nnfit  for  duty  shall 
be  at  once  discharged, 
n*  Should  the  Contractor  at  any  time  fail  orrefui* 
to  etimply  with  these  svpecifications.  the  State  Engineer, 
three  days  after  giving  written  notice  to  the  CoDtrador. 
may  purchase  necessary  materials  and  employ  props' 
workmen  and  perform  the  work;  the  cost  of  snik 
maieriiilN  and  labor  being  deducted  from  the  contrail 
price,  as  the  State  Engineer  may  decide, 

ta.  Wherever  the  word  '*Engineer"is  used  in  th^ 
specifications,  it  is  understood  to  mean  the  State 
Engineer  and  Surveyor  or  his  representatives  inchai^ 
of  the  work. 

^_  CoMMKSCHMEN T  OF  WuRK. 

^B      Work  must  be  started  within  ten  df  ys  after  the  sign 
^^  ing  of  the  contract 

COMH.KTION  OK  WORK. 

All  road  improvement  to  be  cximp'Ltcd  by  October tf* 
1 900.  If  from  any  cause  the  ent i re  co n tract  can  not  be  coth- 
pleted  by  October  15,  the  work  shall  be  arranged  so  tli^ 
it  may  be  closed  down  by  that  date,  bringing  the  Wp 
Qourfie  up  within  twenty-ftve  teev  oi  l\ift  ctv^  r^.^ 
JoH-er  course  and  then  left  to  be  eovav^^t^^  \\i^  ^^W«^ 


Special. 
'he  Contractor  will  conform  to  all  the  provisions  of 
pters  514,  516  and  444  of  the  Laws  of  1897,  and 
pter  567,  Laws  of  1899,  ^  which  special  attention  of 
ders  is  called  regarding  rates  of  wages,  hours  of 
or  and  times  of  payment  of  employees,  and  the  sub. 
:ing  of  contracts. 

Instructions  to  Bidders. 
.     Bids  will  be  made  upon  the  blank  form   which 
lows  these  specifications;   which  specifications  with 
i  original  bid,  will  be  attached  to  and  form  a  part  of 
2  contract. 

2.  Each  bid  shall  be  accompanied  by  a  New  York 
aft  or  a  certified  check,  payable  at  sight  to  the  order 

the  State  Engineer  and  Surveyor  for  5  per  cent  of 
e  amount  of  the  proposal ;  which  check  shall  be  held 
itil  the  execution  of  the  contract. 

The  successful  bidder  who  fails  to  enter  into  contract 
ill  forfeit  his  check. 

When  the  contract  has  been  made,  the  various  checks 
ill  be  returned  to  the  bidders  who  deposited  them. 

3.  The  successful  bidder  must  furnish  a  bond  for  the 
ithful  performance  of  the  work  as  provided  for  by 
w ;  such  bond  to  be  for  the  full  amount  of  the  contract , 
id  with  sureties  and  in  form  satisfactory  to  and 
^proved  by  the  State  Engineer. 

4.  Each  signature  to  proposals,  guarantees,  contracts 
ad  bonds  shall  be  written  out  in  full,  and  each  signa- 
ire  to  guarantees,  contracts  and  bonds  shall  be  attested 
)'  a  witness  and  shall  have  affixed  an  adhesive  seal. 

5.  The  place  of  residence  of  every  bidder,  and  post 
fice  address,  with  county  and  state,  must  be  given 
ter  the  signature. 

6.  One  copy  of  the  advertisement  as  published  must 
:  securely  attached  to,  and  will  be  considered  as 
rming  a  part  of,  each  proposal. 

7.  All  blank  spaces  in  the  proposal  and  bond  must 
filled;  and  the  addition  in  writing  of  any  condition, 

litation  or  provision  will    be  liable    to   render   the 
Dposals  informal  and  to  cause  its  rejection. 
i    No  bids  will  be  received  after  the  time   set   for 
ening  them. 
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fju    TIlS  SlJit#  Enifineer  and   SurA^eyor  peserv^es  t^ 
rigbt  to  reject  any  or  alt   bids,   and    to   disregard 
f^ru|j%Mk^  *d  anr  fftiling  contractor. 

JOt     IMltes  ar&  tnrtted  to  be  present  at  the  oRic6l 
«4   ttift  Slai»  Eiiki^ckeer  and  Sur\'eyor  in  Albany  v^htn  | 

W.lTft  OF   KKW  VClftK. 


T^  IW  Slitttf  EiMgiieeeT  iusi  Si&veirt»r  of  the  Stale  i 
N<?w  Vudt : 

it^utvif  wiUl  fc!h«?  f^Afl^  sffPg^ficatoigQs-  «ni  form  ol  i 


PAVEMENTS  AND  ROADS. 

Continued. 
Tabk  No.  lOa. 

Gravity   of   Road  Metal  and  Constituknt 
Ts  OF  Certain  "  Metals"  with  Weujhts 
PER  Cubic  Foot. 


I 

Specific     Average  Wgt.      Remarks. 

Gravitv.     per  Cubic  Ft. 

1        to'1.8          87.3       Not  used  pure. 

(Marble) 

2.7 

1(S8 

»  Limestone) 

mon  hard 

125 

,  poor 

1(K) 

efuse 
3ure  flint) 

3.« 

162 

Depends  on  the 
wood. 

'  and  loose 

70  to   80 

htly  packed 

82to    «BJ 

and  well  packed 

2.5    to2.HD 

90  to  100 
166 

rage) 

2.«0 

162 

2.56  to  2.88 

170 

ipure  granite) 

2.02  to  2.7« 

1(^8 

e,  trap 

2.8   to  3.2 

187 

uartz)  dry 

2.64  to  2.67 

{K)-f 

Same  as  Sand. 

3e.  black 

3.1    to  8.4 

20a 

J 

2.4    to  2.86 

IW.4 

Average  used 
on  roads. 

2.7 

168.4 

2.75  to  3.1 

188 

5t 

1 

80  to  KM) 
110  to  130 
100  to  120 

Depends  on 
material  and 
space  occu- 
pied by  water 

jestones 

l.J>  to  2.5 

137 

2()  to  30 

Voids  about 
70  per  cent. 

2  66  to  2.8 

170 

ommon,  pure 

2.M  to  2.67 

165 

)ure  quartz 

2.M  to  2.67 

H()+ 

Depends  on 
voids  of  22  to 
53  per  cent. 

es 

2.1    to  2.73 

151 

les,  good 

2.5    to  2.65 

162 

id  and  black 

2.4    to  2.8 

1(52 

ame  as  Limestone) 

2.7   totJ.y 
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Depends  on 
compactness 

e,  steatite 

2.65  to  2.8 
1. 

170 
62.4 

2.75  to  3.2 

187 

pressed 

1. 

2()  to  30 
62.37n 

,    At70oFahr. 

»a  water 

1.026  to  l.(K^ 

I          lU.OH 

■aries) 
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Tractive  Power  or  a  Hoesk: — Depends  on  the  fool 
hold  given ;  his  training  for  the  work ;  his  weight  aai 
sitrength.  To  perform  the  masdmnm  amount  of  woric  il 
\A  etuientiai  that  he  be  accostomed  to  the  pavement  and 
Hur  Foundings. 

A  good  work  horse  can  and  will  exert  in  regular  worf 
about  20,000  foot-pounds  per  minute  or  about  |  of  I 
Htandard  horse  power. 

Force  =  Power  ~-  Velocity.  Assuming  the  spe«| 
while  drawing  a  load  over  a  highway  at  200  feet  p«| 
minute  and  substituting  in  the  above  equation,  we  havi 
for  the  CONSTANT  TRACTIVE  FORCE  exerted  by  a  horse  n 

pulling  the  load,  20,000  -t-  200  =  100  pounds (a| 

At  any  other  speed  within  practical  limits  x,  we  have 

Tractive  force  in  pounds  =  20,000  -*-  x (b| 

For  a  short  distance,  as  in  ascending  a  steep  pitch,  a 
ht)rse  can  exert  two,  three  or  even  more  times  the  powei 
above  mentioned,  U.  S.  Dept.  Agriculture,  Road  Ea- 
iiuirv  Division  tests,  at  Atlanta,  showed  that  a  small 
toiuu  of  mules  could  haul  6,000  pounds  -f-  wagon  up  a 
iv»  por  cent,  short  grade.  The  tractometer  indicated  a 
luiU  v»f  MXK)  pounds,  or  500  pounds  for  each  mule.  To 
slart  a  U>jul  from  rest,  requires  for  an  instant,  froms  tc 
u»  t\n\i\s  the  force  necessary  to  keep  the  load  in  motioa. 
I'ho  v^\aot  amount  depends  on  the  condition  of  pave 
nuMW  uuvlor  and  immediately  in  front  of  the  whe^ 
t  wot  ion.  rtoxibilitv  of  vehicle,  etc.     Hence  the  ne- 


Kind  of  Pavement 


TaUe  No.  IW. 
Pavement  Resistance. 


Resistance  in  Pounds 
per  ton  Goad  4-  vehi- 
cle>moved  over  pave- 
ment. 


Heel  track,  best,  basis 

of  comparison  7.5 

Rteel  track,  average  1(^18 

Asphalt,  good  IS. 

**         poor  85-30 

Wood,  good  ao-ao 

Granite  Block,  good  85-45 

»*       average  80-80 

Belgian  Block,  average  about 
25    per    cent,    more    than 
granite  block 
Macadam  and  Telford,  good 
"       "         "  "         fair 

it       u         i(  li         poor 

Gravel,  good 

"        avera<|fe 
Earth,  dry  and  hard 

"      frozen,  no  ruts,  smooth 
"      fair  condition 
"      ordinary  country  road 
Cobblestone,  good 

"  ordinary 

Clay,  dry,  hard  and  smooth 
Sand,varies  depending  on  mois- 
ture contained,  etc.,  aver- 
age 300 


RetisUnce 
compared 
with  good 
steal  track. 

1.0 

1.88-1.6 

&0 

8.8-4 

2.86-4.0 

4.86-6.0 

6.66-10. « 


88-60 

6.15-8.0 

60-80 

8.0- 10. « 

100  or  more. 

18.8 or  more. 

50 

6.6 

75 

10 

60-100 

8.0-13.8 

80-80 

2.6«-4.(> 

120-140 

16.0-18.0 

840 

38 

75 

10 

150 

80 

100 

13.3 

40 


Table  No.  no  gives  the  tractive  force  necessai}-  t<> 
draw  ONE  ton  over  the  best  Macadam  or  Telford  road 
UP  various  grades.  The*  team  is  supposed  to  walk  not 
faster  than  "natural  gait."  By  proper  comparison, 
using  last  column  of  Table  No.  109,  the  tractive  foixc 
for  any  other  class  of  pavement  is  directly  given. 

TabkNo*nO* 


Tractive  force 

Equivalent 

Rate  of  Incli- 

Angle ' 

ivitha 

necessary  to 

length  n\ 

nation. 

Level  Line. 

draw    one 

level  TOinI 

net  ton.* 

in  milo. 

0 

tf 

Pounds. 

Level 

0 

00 

00 

:a8 

l.(N) 

1  in  500 

0 

6 

53 

42 

l.llt 

1  in  100 

0 

34 

23 

58 

l..Vi 

lin    80 

0 

42 

58 

63 

\.m 

1  in    60 

0 

57 

18 

71 

i.s: 

1  in    50 

■     1 

08 

16 

78 

2.0.-, 

lin    40 

1 

25 

57 

88 

:>.:jit 

1  in    30 

1 

54 

37 

104 

*^78 

1  in    25 

2 

17 

26 

118 

8.1(1 

1  in    ao 

2 

51 

21 

1;^ 

3.>)8 

1  in    15 

3 

48 

51 
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4.50 

1  in    10 

5 

42 

58 

^m 

^.'IK\ 

*Weigrht  includes  vehicle. 
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Tm.**.-f  |ir  witkcm  is.  indeprodent  of  the  veldcity  of  tljrfj 
.  alit^k  CMi  smooth  pavements. 

Tn^'livtt  RE»irrA5Jr£  on  a  grade  =  weight  of  \i 
^Ml  tif  mosjle  of  iiiclifiatit>n  of  road  to  a  level  litie. 

Thw   iriwHivc   force  necessary  to  overcome  a 
^  1  iii«!  jH?r  Hio'  X  wtij^ht  of  load  -:-  loo', 

■('he  irttctivc  force  necessary  to  puU  a  load  up  a  gri 
^  {toiw  roqnjretl  to  pull  the  load  on  a  level  -|-  (1 
pwr  too'  X  vvt?ii^ht  of  load)  4-  loo* 

'rHM'livn   Hmrk  vuries  inverisely  as  the  diameter 
f  Ivy  wht<jl!4*  untl   in(;reaKes  with  the  speed,  but  not 
vu4jtly  a%  the  vcl<>crty.     Width  of  tiresi  has  little  efl( 
\,ni  in%wX'.m\  when  used  im  a  hard  road   bed.  but  assifl 
vyry  njivterudly  m  niaintiurtrng  a  permanently  hard 

Hmkf  Nuifc.^  Ri^iAiivK  TO  Various  PAViCMKMTi*, 
tAmmgwl  A5ptkwabetic»lty.> 

A^i'HU  I  —Ufiienal  StAtjewi«eit^FiTst  used  with  sue- 
<^-i^.i^  it^  ^  \i^\vi\\v^xn  in  tSji  in  Fnucice. 

lVH  V  fcii^wiwsi  ^lit'  l^^'T^mciat*  iiaw*  lAKtmen  mineral  raat^ 

IV  iW  mm3mMt  t^dbme^^e^^m&l^ma  tafd  for  p«c^ 
limS}  vh  ^mJWM  ^pi^eiwuK  tanontaL  ^cnemUy  a  liffsT^ 


Jam  can  get  little  *' foot-hold*'  while  it,  quicker  than 
ny  other  class  of  pavement,  gets  in  a  slipper}'  condi- 
ion  in  wet  or  icy  weather. 

IBSTRACT    OF   SPECIFICATIONS  I 

Foundation: — Should  be  dry,  well-drained  and  firm. 

Base:— The  best  is  a  "hydraulic  base**  of  best  con- 
rete  4"  to  6"  thick,  depending  on  traffic  and  material 
»f  foundation ;  to  this  when  thoroughly  dry  should  be 
idded, 

Binder  Course,  of  ij"  to  2"  thick  of  best  crushed 
rtone,  J"  to  I"  in  size,  thoroughly  screened,  heated  and 
nixed  with  20  to  30  gallons  per  cu.  yd.  of  bituminous 
)aving  cement,  rolled  and  rammed  to  place  while  hot. 
The  amount  of  paving  cement  depends  on  voids  which 
:an  be  determined  by  method  g^ven  on  page  185  while  it 
consists  of  refined  asphalt  -|-  15  to  20  per  cent,  (by 
weight)  of  petroleum  residum.     Next  is  added, 

Clshion  Coat,  of  properly  mixed  paving  material 
t"  thick  when  consolidated.     Next  is  added, 

Surface  Coat,  of  properly  mixed  paving  material 
ij"  thick, and  finally  hydraulic  cement  is  sifted  over  the 
5urface, 

A  Bituminous  Base  is  frequently  used  in  place  of 
oncrete,  generally  to  save  expense,  and  consists  oi' 
Token  stone  thoroughly  consolidated  -f  about  one  i;al- 
>n  of  coal  tar  or  bituminous  cement  per  square  yard. 
Q  li(;ht  construction  a  2"  surface  coat  is  placed  di- 
-ctly  on  base,  or  a  ij"  surface  coat  when  binder  course 
<  used. 

Table  No.  HU 

Asphalt  Pavements. 

■  Per  Sq.      Per  l.(KX)  Feet     Per  Mile 
Yard.  (Twide.)       (1' wide,  i 

irst  cost  depends  on  loca- 
tion, quality,  amount  of 

pavement,  competition       $1.50.$4.60        §ir8-$5n  $();^H- $-.>,:(«  1 

est  to  maintain  (depends 
on  street  width,  traffic, 
quality,  climatic  condi- 
tions,   thoroughness     of 

maintenance)   per  year.         7c-15c  7.78-10.0«)  41-sh 

)st  to  maintain  Washing- 
ton, D.  C.  (with  wide 
pavement,  light  average 

traffic)  per  year  ....  8c  3.38  IT."/.) 

38t  to  maintain  London, 

England  per  year    .    .    .         15c-;i5c  16.6e>-:^.H8         88.-205 

:)st  to  sprmkle  and  clean 

per   year 1.5c-3c  1.6T-8.38         8.80-17.(50 

ilue  of  old  material     .    .         8c- 10c  d.6^-\\.\\       ^.^-^;i^.*^^ 
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per  foot   in   width,  causing  a  ^ 
i^ooo  to  12,000.     Life  of  pax^ementn  a\'en 
t^jiqaf^.     In  California,  and  other  places  \^Sth  1 
t&e  pave  mem  has  ^ven  poor  satis^acli 
:fee  fcv  yenrs,  generally  not  exceeding  five 
It  has  in  many  instances  been  repl« 
h;     tt  frequently  happen s^  however,  that  i 
politics  and  too  little  asphalt  under  pc^or^ttp 
it  imters  the  consstruction  and  is  the  real  c 


'%.i«hh.4ik 


^«^^a£aii» 


Block  :— General    Statement — It  is  not  j 
pavement,  though  much   preferable  hi  1 
paviement    that  it  superseded.     It  is  1 
i^^pfaccd  in  prog:resi^ive  cities  by  "  stone  bloi 
or  lim^titone,  depending  on  the  locati 
nearly  as  noisy  as  cobblestone,  quite  i 
«aj*i  smooth  and  slippery,  is  expensive  Ij 
ftd  clean.     Several   cities,  including  Soo^ 
"jsii.,    probably    because    tbey    could 
I"  Xs-w  York  or  other  cities, have  paved  ceruifl 
'  ^vund  hand  blocks,  and  have  a  pavemenlj 
KK*c  who  can,  drive  around  it, 
j^m^x  for  aU  second  hand  paving  blocks  ia 
^metdditiuii  for  new  pavement. 

*    Si-tl'tFJCATlONK 

u^i  — SlKimld  be  dry,  well-drained  and  fin 
;^^M«ndty  mbout   6"  of    sand    or    fine  j^avdl 


ising^  a  wear  of  i  per  cent.,  10,000  average.  Life  of 
vement  depends  on  foundation,  construction,  main- 
aence,  but  varies  from  10  to  20  years. 

'•ftiCK  Pavements: — General  Statement — Most  popu- 
•  pavement  in  small  cities  and  municipalities  for 
eets  of  maximum  traffic.  Gives  g^ood  satisfaction 
len  the  brick  are  good  vitrified  clay  or  shale,  on 
3per  foundation  and  base.  Bricks  should  be  of 
g  commercial  size,  (varies  in  different  states)  average 
X  4"  X  2 1",  lay  about  42  to  45  brick  to  the  square  yard, 
uare  cornered  brick  are  preferable.  A  compressive 
5t  of  2"  cube  ought  to  show  resistance  of  10,000  lbs.  per 
uare  inch.  Transverse  strength,  6"  between  supports, 
th  knife  edge  centre  load  ought  to  show  a  Modulus  of 
iipture  of  at  least  1,500  pounds  according  to  the  fol- 
wing  formula. 
Modulus   of    Rupture    in    pounds    per    square    iucli 

3        Wl 
=  -  X in   which   W    =  breaking  load    ap- 

2'  b  X  d« 
lied  at  centre,  1  =  the  length,  b  =  the  breadth,  and 
=  the  depth  of  brick  in  inches.  A  good  brick  will 
ot  absorb,  when  broken  in  centre  over  i  or  2  per  cent, 
f  water  in  an  over  night  test,  but  a  brick  otherwise 
;ood  ought  not  to  be  condemned  on  account  of  an  ab- 
orption  of  5  per  cent.  Traffic  over  brick  pavement 
aid  on  cushion  coat  in  freezing  weather  causes  a  runib- 
ing  "hollow"  sound  that  is  annoying  to  both  resident 
md  user  of  street.  The  moisture  on  the  sand  freezing^, 
^ends  to  expand  the  cushion  cxjat  which  when  thawed 
^ut  occupies  less  space,  leaving  a  layer  of  air.  so  U> 
5peak,  under  the  brick.  Filled  foundation  when  not 
properly  puddled  or  rolled,  will  also  settle  away  from 
'he  concrete,  producing  the  same  effect.  Good  practice 
"equires  that  grade  from  centre  to  side  of  street  should 
lot  be  too  great,  and  seldom  over  6"  to  8"  for  a  50 
»treet,  making  top  of  curb  on  same  level  as  centre  of 
'oadway.  Nothing  looks  worse  than  a  "warped  street 
lurface,"  made  so  by  change  of  grade  from  centre  to 
ide,  and  too  frequently  done  to  accommodate  some  in- 
lividual  property-holders  sidewalk  or  a  Street  Railway 
)o.,  and  forced  upon  the  Engineer  and  Contractor  by  a 
treet  Committee,  making  an  otherwise  good  pavement 

177 


almosit  impassible  iu  certain  places  m  winter,  cm  k^ 

coynt  of  steep  i^ide  grade.     Part  of  High  street.  Potts^ 

town,  Pa.  furnishes  an  example  of  siicli  a  warped  sb^ 

face. 

Abstract  op  SHEuincATioNS: 

FotTNDATKiN,  ought  to  be  dry,  well-drained  and 
Bask,  f^u^fht  to  be  of  concrete,  4"  to  6*'  thick,  dq 
i|ng  on  traffic  and  character  of  fimni^ation. 

Cushion  Coat»  generally  of  J"  to  t^''  of  clean  si 
sand 
Bkicks,  as  stated  on  preceding  page 
After  pavement  is  well  rammed  to  place,  ]omts  shi 
be  tilled  with  coal  tar  or  asphalt*  thongh  the  most  fj^ 
quent  practice  is  to  fill  or  slush  the  joints  with  hydraulk 
cement  grouL  The  slightest  jar  soon  looi^ens  the  bon^ 
of  the  cement,  and  the  pavement  isinolong^er  impervious 
therefore  not  Sianitary.     Keeping  travel  off  the  pavfr 

iment  for  a  few  days  after  completion  dues  not  iubur* 
cement  bond  not  breaking.      Sand  joints  are  also  used. 
Table  No.  113. 
Brr'k  Pavemexts, 


Per  Sq.  Per  1,000  Fee t    PefMae 

Yard.  <rwide;>        O'wrd?.) 

y  i  r i  t  cost  *  on  sa  tid  f  ouoda-  _^ 

Hon $LO(Ua$3.00  flll-SSaa       |5ST.4t^ 


Cnst  to  maintain  per  y fear,        4t  to  rtc  't't4^fl.rtr         *23.44-S4.t' 

Cost  to  clean  and  sprinkle 
pery*i&r»      ......        ^c  to  fie  .133-07  l7.t)04MT 

Value  of  old  material  =l  its  value  for  concrete.  When 
broken  stone  is  expensi%-e  and  old  brick  cheap  or  *m 
hand*  they  can  be  used  for  concrete.     Tons  traffic  per 

^foot  in  width  causing  a  wear  of  1  per  cent-  5,o<x^ 
30,000.  depending  upon  whether  base  is  of  sand  or  cop- 
Crete,  chaiacter  of  foundation,  whether  travel  h  foa^ 
into  one  position  by  car  tracks,  etc.  Life  of  pavement, 
5  to  15  years,  but  at  least  12  when  it  is  properly  coa' 
struct ed  of  good  material 

*Mftny  brick  puvementa  on  sand  batie  have  been  cnnstriittd 
for  leas  tbun  $\M  per  square  yard,  undet  the  favorable  tim^ 
tionji  and  price  of  brick  as  In  Illinois,  $IM  is  a  fair  price  tiJii3"g 
a verai^e  conditional  divided  about  as  foUowa;  Hrick  &4c,  (|IS  P^ 
M,.)\  Fretg:hi:  and eartage,  iiic]  Sand  foLmdation  at  $1.0(1  per cooW 
yard*  I7c;  Labor  and  other  itemfi  31Tc;  Profiti.  10  per  cent.,  totil  oj 
flM  eamlusive  of  K^rading:.  AddiniQf  $,70  per  sq.yd.  for  differeaiw 
tn  co&t  of  hiind  and  concrete  bai^e  we  have  f^3a  as  fair  avennj 
p  r ke  f or  B  R I  c  K  PA  V  R  ME  N  T  ON  c  o  y  c  R  ETE  BASE.  Local  cosditIc«4 
will  vary  thii*  figuro,  or  when  contractors  are  "'b^ingry  for  worltl 
and  bid  in  fair  competition  without  coUuston,  the  price  freque*! 
ly  drops  to  $1.&[I  or  t:^,OiJ>  mcludlnff  the  necesHary  ejccaA-ation  anfl 
removal-  in  Much  instances  the  profit  is  seldom  commen&uTfltJ 
with  the  time,  irnuble*  eKpense,  and  annoyance  involved  it 
'*patting  down"  the  pavennent  m  t'he.  a^eTi^tftmaW  TTLwait^^ilitj 
where  thoae  that  know  nothing  about  \.\\fc  -pa^m?;  Tci\i'&\-^«t«siv  v^ 
cmliv  'Mine  the  sidewalk,"  Tpwatcb  opetaVvoti^  ^uj  twi«ifiissa^ 
job  frotti  start  to  finish,  but  have  notUVns  to  iw^"¥  i^^^^t  — ™'*-« 
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VRCOAI-  Rkfuse: — Ii^ Southern  Louisiana  and  elsc- 
2,  refuse  from  charcoal  manufacture  is  used  as  a 
d  metal,"  though  it  ought  not  to  be  classed  as 
Ho>vever,  if  it  was  not  used,  nothing  would  be 
place,  and  it  is  therefore  to  be  commended.  It 
5s  a  fair  surface  for  a  short  time,  keeping  travel 
)1  the  mud.  Its  cost  is  generally  simply  the  cost  to 
rer  and  spread. 

riF.RT: — (Impure  Hornstone) — Is  used  with  fair  sue- 
in  parts  of  Alabama,  (average  cost  $i.oo  per  cubie 
i)  and  with  good  success  for  country  roads  in  North 
stern  Arkansas,  where  roads  made  of  it  are  never 
y  muddy,  and  seldom  dusty.  It  makes  a  good  hard 
face.  In  certain  other  places  it  gives  less  satisfac- 
Q  on  account  of  its  variable  quality.  As  a  rule  witli 
sap  gravel,  a  gravel  "wearing  coat,"  at  least,  is  to 
prefered,  though  chert  can  be  used  to  advantage 
r  the  lower  courses. 

CiNDKRS  are  used  with  considerable  success  for  cycle 
aths,light  traffic, drives, etc.,  in  all  sections  of  the  eoun- 
ry,  but  cannot  be  classed  as  a  "  road  metal.'' 
Clay  Shalk: — Used  as  a  "road  metal"  on  suburl)iin 
ind  light  traffic  roads,  but  as  a  rule  it  is  too  "sticky"  to 
pve  satisfaction. 

Clay  and  Sand  Mixed: — Has  been  used  with  marked 
iuccess  as  "road  metal"  for  roads  of  light  traffic.  The 
•lay  should  be  only  in  sufficient  quantity  to  act  as  a 
binder.  The  roads  of  Millville,  New  Jersey  are  a  splen- 
did example.  Bartow  and  other  places  in  Florida  have 
ilso  been  successful. 
Cobblestonp:  Pavement: — This  pavement  was  ui)-t()- 
latein  1657  when  it  was  first  introduced  into  N.  Y.  eity. 
'Ut  few  Engineers  would  think  of  advising  its  adoption 
early  two  and  a  half  centuries  afterwards,  though  such 
avements  are  still  to  be  found  in  use,  even  in  the 
orough  of  Brooklyn,  N.  Y. 

Gravel: — A  well-constructed  gravel  road,  made  of 
X)d  material,  properly  drained  and  maintained,  will 
ve  better  satisfaction  in  many  localities,  than  a 
acadam  or  Telford  road  made  entirely  of  local    stone. 

BSTRACT  OF  SPECIFICATIONS,  6''  Road: 

A  Six-Inch  Road  should  not  be  placed  on  any  but  the 
jst  of  dry  foundations.     All  general  c\awse&  T^VaXXx^ 
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to    Macadam    Toad    constmctiott*    herein    given, 
ply  equally  weU  to  grarel  roads ;  in  fact  there  ouf  hi 
be  little  difierence  in  the  method  tif  oonstrnction,  ew 
that  in  the  one  ca&e  broken  fitone  is  us&d  while  m 
other  graveJ  is  the  ■'  road  metal." 

SKoi'Lin:R«i  ought  to  be  at  lea^^t  3'  wide  on  top,  exi 
in  depressions  where  new   road  bed  is  abovt  the  M 
^lurfttce ;  here  they  should  be  increased  to  such  0  wsdil 
that  travel  will  not  be  danj^erous. 

CvT^  A^t^  Fills: — Do  not  have  them  balance 
ddnr,  b^S  have  cuts  at  least  15  per  cent  greater  ib^ 
SXI&.  WbcTe  possible,  have  each  cut  ^  adjacent  fill  | 
I*  fvr  cent.,  saving  haul  of  material  to  distant  pointt 
it!  ihr  materia]  eiccavated  cotitami^  boulders  or  rcick,  tti 
«n<««rmtice  flf  15  per  cent,  will  as  a  rule  be  stiffiaent  H 
|wr\TK^de  fot  sbrixdeage  and  increa»ed  width  of  fihouldel 
iv.  the  d^rassiaBft. 

li  ^  OflBlcai^.howevier.tD  give  a  set  rule  for  shrinkjijfei 
il  Hliritild  be  left  to  the  judgment  of  the  local  Engiai 
«i»  CfldtrncCfir.  whii  has  handled   the  speciiic  mutei 
ifRi^rr    oiiusjderatioa.    For  qniet   method  to  cf^mpui 
<%^M*il  <"mlviiikTnenU,  see  tinder  "■  emuankmekts/' 

RiviT^m  CorRsr: ^Should not  contain  less  than  So 
i^nt    nU  C:k)«Ei  sharp  gim^v^el  from  the  size  of  a  pea 
•I    fnoh^Ki    in  diameter,   with  the  smaller    riiaes  p*-] 
.1  p  it  1 1  ■  M  sA  T "  Hi^:   re  m  aiti  d  sr  should  "be  nf  j^r^id  quality  bii 


>,  in  part,  avoid  this  it  is  good  practice  to  crown  the 
atre  dtiring  construction  at  least  3"  more  than  the 
tablished  section :  after  a  year's  use  road  will  general- 
be  of  shape  designed. 

8  AND  10  Inch  Roads  : — Construct  middle  course  and 
p  metal  covering  same  as  6"  road.  Bottom  course  can 
5  of  larger  gravel  or  even  stone,  hand  placed  as  in  Tel- 
Td  construction.  Round  stone  should  be  broken,  as 
ley  will  not  properly  pack  so  as  to  give  an  even  and 
gid  bearing;  again  medium  size  and  small  round 
lone  * 'crawl"  by  the  action  of  frost,  to  the  surface.  No 
:one  that  is  effected  by  frost  should  be  used  in  any 
art  or  course  of  road. 

Cost  of  Gravel  Roads: — Connecticut,  State  8"  Gravel 
3ads,  16'  wide  between  shoulders,  have  been  construc- 
5d  under  the  supervision  of  William  B.  Rider,  C.  E., 
nd  the  author  for  31  and  38  cents  per  lineal  foot(separ- 
te  contracts  and  contractors)  exclusive  of  cost  for  siur- 
eys,  plans  and  supervision. 

These  prices  included  all  gravel, cost  in  bank  nominal, 
about  one  cent  per  lineal  foot  of  road)  cartage  averaji^e 
ane  mile;  about  2,500  cubic  yards  of  earth  and 
100  cubic  yards  of  granite  rock  excavation  per  mile;  all 
excavated  material  was  used  in  construction  with  aver- 
age of  under  500  foot  haul. 

The  above  prices  are  not*  cited  as  criterion,  but  to 
show  how  low  certain  contractors  will  bid,  when  tlicy 
do  not  fully  comprehend  the  difficulties  to  be  encoun- 
tered in  shallow  cut  and  fill  work  on  old  hard  road  sur- 
face. A  fair  price  for  the  work  would  have  been  be- 
tween 50  and  60  cents  per  lineal  foot,  and  there  is 
reason  to  believe  that  it  cost  this  amount. 

Table  No*  IH. 

8"*  Gravel  Roads. 

Per  Sq.    Per  100()  feet      Per  Mile 
Yard.         (P  wide.)        (P  wide./ 
First  cost  8"  x  16' wide, 

50c  per  lineal  foot  .    .    .  $.28  $81.25  IICm-OO 
Cost  to  maintain  per  year, 
under    average    condi- 
tions                ic               1.11  'i.Hm 

,  Gravel  roads  are  not,  as  a  rule,  constructed  in  localities  where 
It  is  practicable  to  clean  and  sprinkle  for  reasonable  cost;  except 
when  repaired;  though  top  metal  would  pull  out  less  if  road  was 
sprinkled. 
See  line  22,  page  189. 
♦For  10"  Roads  add  for  cost  of  lower  course.      Excavation 
same  in  all  cases  or  can  be  made  so,  by  raising  grade \\tve  o^  twocOv. 
For  6"  Roads  deduct  ^  cost  for  gravel  in  p\ace. 
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V*ita£  <if  old  ittateral  ^  |  ralae  of  oew  les^  t 
iCfvem.    MaicnsJ  wOl  waste  about  |   in  screening' ( 
Lbtf  wofS  Mt  tap  ffl«ial,  dsst  and  foreign  mauer. 

TfiHi^  ttvfic  per  ^ooC  in  widtii  c^n^m^  a  wear  of  f  { 
crm..  ^eficm^  upon  tike  iHdUi  of  mad,  foundatjon. 
«trtKtkMi«  4|Oiift3rirf  nuitcriaL  9^n6  tiee  wiixth. 

f  fTard  fiMdft  ooostrsctfid  under  tbe  airtlii3fr5<  f^up 
vtftioQ,  bmve  wa^Udntd  an  arerftge  dually  traffic  <ff  ! 
vebiclctt  per  4mf  with  avera^  looid  af  not  far  from  J  t 
(with  fr«|tietil  load*  of  two  to  thr^e  tocis)  Fot  two  ycj 
wrthrmt  repairs,  except  to  tbe  wearing^  coat.    To  i 
Iff  ralhcr  replace  sticb  of  tbe  wearing  coat  as  bad  I 
ginriuntl  Ui  dt]»t,true  tip  the  sboiilder&with  road  macbin^ 
tifii!  keep  the  natters  clean,  has  co^t  less  tban  $tou  j 
«hnufn  per  mile. 

AU   worn  out  top  mktal,  dust  and  foreign   maUtrJ 
Kbi^uld  Im  f  wept  olf  tbe  road  before  placing  new  i 
fiuHal  or  it  will  not  properly  bind  to  old  surface,    J 
tmldif   u»  "  pick  up'*    the  cleaned   road  surface  about  {' I 
t\ni'[i  Wftjfe  placing  top  metal. 

|,1H'  uv  (t»t.^vp.t.  Rt»At>  will  depend  entirely  npoa  1 
\\A\  it  t«  tnwijitjiiiied  fni  thi?  traffic  it  sustains.  If  tffpl 
immUI  \n  yv^\\]nv\y  i^plactnl  as  abc^ve,  and  foundation  ii  I 
hi  U»  *>nut  Wt^ll  draintsV  iL  ought  1*>  lasi  20  years  or  morE  [ 

f^h^MiV   Hum  K       Hcst  pavement  for  max i muni  dty  I 


Table  No.  U5* 

Granite  Block. 

Per  Sq.  Per  1.000  feet  Per  Mile 

Yard  (1' wide)  (I'wide) 
:  cost  on  sand  founda- 

a* $1.50.|4.(X)     $187.-$444  |K80..$i:i4: 

to  maintain  per  year                  Sfc  2.28               11.73 
to  clean  and  sprinkle 

r  year 10c  11.10  .  68.65 

le  of  old  materiaUgfen- 

illy  about 80c  8».                 460. 

ons  traffic  per  foot  in  width,  causing  wear  of  i  per 

t..  60000  to  80000  tons.     Life  of  pavement,  15   to  30 

TS,  when  on  concrete  ;life  when  on  sand  10  to  20  years- 

►ther    Block: — Limestone  and   Sandstone  are  the 

st  common.     Sandstone  blocks  have  given  good  sat- 

iction  in  many  of  the  cities  of  the  central  states,  ])iit 

a  rule,  limestone  block  has  not  given  the  best  of  sat- 

action. 

Pavements  of  either  stone  are  constructed  as  given 

der  Granite  Block,  but  the  blocks  are  generally  of 

eater  dimensions. 

TabkNo-n6* 

San  D.STONE   Block. 

Per  Sq.  Per  1,00(>  feet  Per  Miu- 

Yard.  (I'wide.)  (I'wide.  1 

irstcost $1.25-$8.(X)  $189. -$383  $r38.-ir«H). 

ost  to  maintain  per  vear          lViC-3c  1.6<J-H.33  8.S0-$ir.>;n 
ost  to  clean  and  !;prinkle 

.peryear 10c  11.11  5H.<i«i 

alueof  old  material  gen- 
erally about  HOc  mm  351.  <h; 

Tons  traffic  per  foot  in  width  cau.sing  wear  of  i  pcv 
ent.,  depends  on  quality  of  stone  which  varies,  but 
'Ught  to  be  when  on  concrete  base,  at  least  50,000. 

Life  of  pavement,  7  to  18  years. 

Macadam  Roads — General  Statement : — Nearly  a  ecn- 
urj'ago,  John  Louden  Macadam  began  hisexperinieiii> 
n  "stone  road"  making  in  Scotland;  later  at  Bristol,  ii^ 
'Ounty  Magistrate  and  Surveyor,  marked  success 
rovvned  his  efforts  at  road  construction.  Little  chiini-e 
las  been  made  in  the  general  principles  he  established, 
'^ntil  the  last  decade,  authorities  in  the  States  have 
een  slow  to  adopt  "  stone  roads." 

Essex    County,    New   Jersey,  however,  especially  in 

nd  around  Orange,  had   a   very  complete   system    of 

ELFOKi)  roads  and  avenues  twenty  years  ago,  many  of 

'hich  were  constructed  under  the  supervision  of  James 

•well,  C.  E.,  of  Montclair. 

*For  light  concrete  construction  add  TOc  per  ?,quate  yard  to 
rice  given. 
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Th«y  Iwre  uood  the  test  of  time  and  traific.  uude 
iryiiijc  cftfiditicms  of,  in  ma.ny  cases, wet  clay, and  quit 
siuid  sul>^i»tiil.  Tliat  ^they  were  well  comstmctd 
thcr  i^uihtJf  can  testify,  having^  bad  to  di^  thronj^b  mai 
niilys  *.»f  th^ra  during  the  cunstrtiction  of  the  Oranj^, 
|,  vv4tci  works.     (WiUtam  Bv  Rider^  C.  E.,  CIl  En|E 

'l^hiiugh  stich  Telioni  roadSi  have  tbeiratatmch  frii 
and  th^  ^utlHjr  is  one  of  tbem^  it  mtust  be  admitted  t]ti 
EKi  jiAvcment  is  receiving:  sticfa   popfttlar  attention 
^^c^vnl,  eii|?«ciAlly  m  the  Ea&tem  States  a^  -^  M^ 

Wllif  ■  itemr  c^aiift  a^ro  adapted  to  the  tra&c  aod 
tMt  l^y^^ftWM*Vtbe  r«ttsasi  can  cK^fcen  be  traced  W  an-! 
tviui^iUv  tiivUitid^  nn-actentiliir  plaiiSw  poor  supervtsidi 

>|||t)5  vtlu  hrnxm  jnpa*.  enoa^  ooc  tn  jomp  otil 

£  tc^  nenam  Tin  tbe^^snxface.  espeet  cmslM 
L  ^hiH  isytiiwii  <Jg  thrown  t£E  the  mud  a  l!ew  Liicbt 
«%«^  t^  «4i4f  iJ*  cvp.    Sttcdir  mmm  ut  tdiax^  of  pel 
?it%&ifcti^|Wfc.ii^^^Jfe*i'it^**t  aattpittyaee^  «ttg  tmt  ^sw.    I1 
^|4|^  L*i*ii  Itafc  4B7  ^utncuDMitt  ftttil  bed   e^ 

Ij^  (lUMiiliyilitl-  lUMkl « lift  *n^il  Ind.  ;ue  -:it  ^ra?^  4r 


r  the  next  experiment,  which  is  generally  the  same 
e,  with  slight  variations  in  details.  In  no  branch  of 
blic  or  quasi  public  work  is  so  much  money  wasted 
in  road  construction,  and  especially  is  this  true  in  the 
B  of  crushed  stone. 

Practical  Data,  Specific  Gravity:  See  Table  Xo. 
} — The  importance  of  high  specific  gravity  of  *'  road 
5tal,"  especially  that  of  the  top  or  wearing  coat  cannot 

over-estimated.  In  general,  other  things  being 
ual,  each  one-tenth  reduction  in  specific  gravity  re- 
ces  the  value  cf  the  stone  as  a  road  metal  lo  percent 
[n  other  words  best  trap  rock,  specific  gravity  of  3.<» 
3.1,  is  worth  20  per  cent,  more  money,  as  a  roa^l 
3tal,  than  a  poor  trap  of  specific  gravity  of  2.8  to  2.<). 
about  20  per  cent,  more  than  the  best  limestone. 
A  limestone  of  high  specific  gravity  is  preferable  to  a 
w  grade  trap,  but  not  to  a  high  grade  trap.  The  fact 
at  the  limestone  will  grind  up  and  make  its  own  bin- 
5r  is  sufficient  reason  for  using  a  high  grade  trap  -i  a 
nder  (if  it  can  be  had  at  reasonable  cost)  for  wear i  111; 
>at,  at  least.  Again,  limestone  mud  is  claimed  by 
lany  to  be  much  more  injurious  to  the  varnish  and 
aint  on  vehicles. 

Voids  in  Road  Metal:  See  Table  No.  119 — EciiuiUy 
nportant  with  specific  gravity  is  the  amount  of  v()i(l^ 
Q  the  road  metal.  They  can  both  be  determined,  on  oi- 
tear  the  work  quickly,  by  the  following  crude  mctliod, 
requently  used  by  the  author  or  his  assistants  wlicn 
nconvenient  to  send  sample  and  have  the  work  done  in 
lis  laboratory. 

Secure  a  quart,  gallon  or  other  tight  measure,  (a  waier 
pail  will  answer)  counterbalance  it  on  scales,  then 

ist.  Fill  measure  even  full  of  water,  weigh,  call 
height ( a ) 

2nd.     Empty  the  water. 

3rd.  PMU  measure  even  full  of  road  metal,  packed,  s(» 
as  to  not  leave  too  many  voids  aiound  sides  of  measure. 
call  weight (bj 

4th.  Pour  in  water  until  voids  between  stone  are  filled, 
Call  weight  of  stone  -f-  water  now  in  measure. ...         (c) 

We  then  have  weight  of  water  filling  voids  =  c-b; 
Call  this  weight (d) 

.* .  per  cent,  of  voids  =  d-;   a  =  (c — b)  ~  a (c) 

Weight  of  water  displaced  bv  road  metal  =  a — d; 
call  this  weight ' (f ) 

.'.  specific  gravity  of  road  metal  =  b  ~-  i, 
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If  voids  in  road  as  constructed  are  desired,  take 
one  square  foot  of  same,  put  it  in  tight  box  one 
square  in  area,  and  pack  to  same  depth  exactly  as 
road :  fill  with  water,  weigh,  etc. ,  as  before. 
To  get  same  height  in  box  and  road,  use  straight 
across  top  of  road  metal  in  both  instances. 
Example,  from  authors  practice,  Sept.  4,  1900. 

On  hand  m  **  country  store,"  gallon  measi>re,  comm( 
scales,  sample  road  metal   as  taken  from   one  of 
wagons  delivering  same. 

Pouni 
Gallon    measure    counterbalanced  on  scales, 

indicated  weight 0.00 

(a)  Weight  measure  full  water,  8  lbs.5>^  oz.*=       8.3216 
/b)      "  ♦'  •*    stone,i3lbs.i5>^  oz.=      13.9687J 

c)       "  '*  '•        ••      -f-     water     (in 

voids,)  17  lbs.  i2>^  oz.=r 17.7812$ 

(d)  Weight  water  filling  voids  =  c — ^b= 3.8125 

(e)  Per  cent,  of  voids  =  d  ^   a  =  46  per  cent. 

nearly. 

(f )  Weight  of  water  displaced  by  stone=a — d=       4. 509 

(g)  Specific  Gravity  of  stone  =  b  -^  f  =  3. 1 

nearly,  or  above  the  standard  3.0   called 

for  m  the  contract. 
Amount  of  Voids,  should  be  reduced  to  a  minimum 
m  the  lower  courses,  and  to  less  than  5  or  8  per  cent,  in 
the  lop  metal.     The  object   being   to  form   a  road  W  I 


No  Macadam  road  will  be  a  success  if  bottom  of  ^uttci- 
is  higher  than  the  bottom  of  road  bed,  unless  independ- 
ent drains  are  laid  below,  and  for  the  purpose  of  keep- 
ing it  and  foundation  from  being  soaked  or  filled  witli 
yater,  unless  perchance  the  foundation  is  very  porous, 
ind  of  itself  well  drained. 

Voids,  How  Rkduced  in  Practice: — If  the  specif iea- 
ions  herein  given,  relative  to  6"  Macadam  roads 
xe  followed, so  far  as  rolling,  etc.  of  stone  is  concerned. 
a  practice  the  procedure  and  results  will  be  about  as 
dIIows. 
6"  in  depth  of  2j"  stone  placed  loose,  for  first  course, 
ontain  an  average  of  50  per  cent,  voids,  and  by  proper 
oiling,  etc.,  will  reduce  to  4"  in  depth  of  various  sizes 
f  stone  from  dust  to  2I"  with  size  from  i}"  to  2 J"  pre- 
dominating and  making  a  volume  of  stone  containinj^ 
5  per  cent,  voids.  In  other  words,  rolling  will  reduce 
he  amount  of  voids  one  half. 

To  this  volume,  can  now  be  added,  by  proper  rollinj^. 
;prinkling,  etc.,  about  4",  average,  in  depth  of  I"  to   f. 
icreenings  4- quarry  dust,  without  increasing  the  vol- 
ume, but  making  a  finished  lower  course,   4"  in  dei)ih. 
with  less  tha  :  an  average  of  if^  per  cent,  voids. 

On  this  cm  now  be  placed  3"  in  depth  of  loose  1 '. "  i<) 
ij"  stone,  which  will  roll  to  2"  in  depth ;  to  this  2"  roll*.*! 
course  can  be  added  by  proper  rolling,  sprinklinj;,  cu . , 
about  ^"  of  2"  MIXED  SCREENINGS, (see  Table  No.  117 
without  increasing  the  volume  and  making  a  course  2' 
in  depth  with  less  than  15  per  cent,  of  voids. 

Adding  to  this  a  top  dressing  of  fine  screenings  niixefl 
with  sufficient  ''binder,"  if   necessary,    roll,    etc..    and 
voids  in  top  portion  will  be  reduced  to  from   5  to  >  ])l-v 
cent.,  and  be  as  near  "water  tight"  as  it  will  be  possi- 
ble to  make  it,  without  using  so  much    "binder"   iliai. 
in  wet  weather  it  would  stick  to  the  wheels  of  vehicles, 
pulling  out  at  the  same  time    "  metal  "   from  the  top 
Course.     It  will  be  noted  that  the  aggregate  dei)lli   oi 
•^tone   necessary  to   make  the   six    inch    road    is    ikn 
'NCHES ;  therefore  under  ordinary  conditions,  the  amount 
Qf  stone  required  to  construct  a  six  inch  road  =  i.6()  > 
Cubical  contents  of  the  finished  road.     For  the  specific 
^nount  in  loose  cubic  yards  of  each  size  of  stone  for  4", 
&"  and  8"  roads,  together  with  other  practical  data,  see 
Table  No.  118. 
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^  yf  ±"actiire." 

bis  files  i 
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'efore  to  use  a  binder  in  order  that  it,  the  trap, 
cemented  before  it  is  practically  ground  to 
As  to  its  amount,  the  author  hesitates  to  name 
cnowing  well  that  too  much  will  ruin  the  best 
lile  too  little  means  that  the  top  course  will  not 
ar  **  water  tight"  as  it  is  possible  to  make  it 
es  itself  into  a  question  of  good  judgment  in 
ie,  depending  on  the  quality  of  stone,  kind  of 
:. ,  but  as  a  general  statement,  it  can  be  said  it 
to  20  per  cent  of  the  volume  of  top  or  wearing 
*he  best  plan  to  follow  is  to  take  the  first  few 
.  feet  of  road  ready  for  top  metal  and  add  it  -f 
nount  of  binder, watch  the  results  and  if  more  is 
add  it,  and  use  the  information  gained  in  con- 
5  the  remainder  of  the  road. 
shrinks,  in  very  dry  weather,  about  one-fifth  in 
Macadam  or  any  other  road  using  a  "binder" 
heretore  be  sprinkled  in  dry  weathkr  to  such 
it  as  will  keep  the  "binder  "  uniform  in  volume ; 
5e  it  ceases  to  be  a  binder  and  the  top  metal 
>ose  from  it. 

is  fact,  lack  of  proper  sprinkling,*  can  be  attri- 
le  loose  stone  on  the  surface  of  many  roads ;  also 
tofore  stated,  the  amount  of  binder  should  not 
rreat  that  it  will  stick  to  wheels  etc.  in  wet 
- ;  in  so  doing  it  pulls  out  the  metal ;  leavinij;  it 
I  the  surface. 

ON  OF  Road: — Do  not  crown  your  road  too  much  ; 
oot  is  ample  in  most  cases  for  slope  from  centre 
of  road  bed  or  shoulders.     Have  gutter   when 
i,  as  on  suburban  work,  at  least  one  foot  below  *  i 

houlder  and  two  feet  if  possible,  \ ! 

s  AND  Machinkry; — Do  not  attempt  to  ccmstruct 
im  roads  without  use  of  proper  tools  and  machin- 
t  cannot  be  done  and  done  well.  Steam  roller, 
achines.  etc..  <'see  nart  2^  are  as  essential  to  crood 
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ST  OF  Mac  A  HAM  R<>Ans:— Exclusive  of  gradinj;  and 
quarry  ^witbin  two  miles  of  work,  or  stone  delivered 
in  same  distance  of  work,  the  average  cost  to  eon- 
it  under  tbe  supervision  of  the  author, has  been  alx  )ut 
3  per  cubic  yard  of  finished  road.  Or  we  have. 
For  a  S"  road,  i6  feet  wide.  $1.25  per  lineal  f'K)t. 
*     *'  6 •        -         .97 

under  favorable  conditions  with  quarry  adjacent  to 
ft  work  and  stone  cheap,  as  for  instance,  near  any  of 
be  **  Orange  Mountain  quarries  from  Paterson  soiith- 
ir\y,  througb  upper  Montclair,Montclair,West  Orange, 
jfte.  to  Milbum.  N.  J.,  the  price  per  lineal  foot  has 
111  times  been  as  low  as  75  to  80  cents  for  8"  road,  and 
'50  cents  for  6"  road.  The  average  cost  of  Macadam 
[loads  in  New  Jersey  for  the  year  1900  was  slightly  in 
■:OLcess  of  $1.00  per  lineal  foot. 

Gradinc;: — Where  the  old  road  surface  is  followed, 
jthe  cost  is  from  30  to  60  per  cent,  of  the  cost  of  the  Ma- 
fcadam  in  place.  It  depends  entirely  on  whether  the  con- 
jtractor  or  municipality  doing  the  work  is  equipped  with 
modem  road  machines  and  other  up-to-date  road  tna- 
.chinery,  (see  part  2)  or  depends  on  a  pick,  shovel,  gar- 
den plough  and  crowbar — and  borrowing  from  willini;- 
■  and  unwilling  residents  along  the  route. 

Cost  to  Maintain: — Depends  on  method  of  construc- 

jtion  and  foundation;  quality  of  stone;  amount  of  travel 

•and  climatic   conditions.     It  must  be    remembered   in 

{comparing  the  cost  of  repairing  an  improved  Macadam 

ior  Telford  road  with  the  cost  to  repair  the  "old  road' 

over  the  same   distance,  that   not  only  is  the  avcrai;^ 

weight  per  load  carried  over  the  new  road  nearly  it  not 

quite  twice  as  great,  but  such  a   road  attracts   iiafVu 

away  from   other  or  parallel  roads  resulting  in   nuin\' 

cases  two,  three  and  even  more  times  the  ton-miles  o 

traffic  that  was   carried   over  the  old  unimproved  road  . 

Stone  Roads,  (Telford)  in  and  around  Orani^c,  X.   j.. 

have  been  used  5  to  15  years  without  repairs;  notably 

parts  of  the   parallel    avenues   cix)ssini<   over   Orange 

Mountain,    where    they    are  grades    of    5    and    s    ])cr 

cent.      If   properly    constructed,     and     road    is    wide 

enough   to    not     drive    traffic     in    a     rut,    the    actual 

wear  will  not  exceed  an  average  of  l"  per  year,  or  about 

^2  to  15  cubic  yards  per  mile  for  a  ruAr  rock  svrvx^y.. 
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Centrally  located  electric  or  other  track  drives  t 
fie  into  a  mt  on  either  side,  as  a  rule,  and  in  such  a 
the  repairs  will  be  two,  three  or  more  times  as  gi 
while  the  Macadam  surface  cannot  be  kept  in  pn 
repair  without  monthly  or  bi-monthly  attention.  M 
cipalities  are  fast  beginning  to  realize  that  transpi 
tion  com|>anies  occupying  highways  ought  to  pay  t 
share  of  the  expense  of  maintaining  them. 

Before  making  repairs,  all  worn  out  stone,  dust, 
refuse  should  be  swept  and  washed  from  the  suri 
and  about  I"  to  i"  of  road  metal  ''picked  up*'  so  a 
insure  proper  consolidation.  Ruts  and  holes  shoul< 
repaired  from  lime  to  time  as  they  appear. 

For  life  of  pavement  see  Telford  Roads. 

Tklkord  Roads,  12'  Road: — Excavate  to  one 
below  finished  grade.  Have  all  properly  drained 
foundation  firm.  Place  by  hand  irregular  shj 
stone,  not  rounding,  (of  any  durable  nature,  and 
as  are  not  effected  by  frost)  about  8"  deep  x  6"  t 
wide.  Set  same  on  their  broadest  side,  with  point* 
and  in  rows  at  right  angles  to  direction  of  tr 
Knock  otf  the  points  with  a  hammer,  and  fill  spaces 
twcen  the  large  stone  with  the  chips  and  others  if 
essury.  Bring  surface  of  layer  to  within  6"  or  4"  ol 
surface  of  finished  road,  this  depends  on  total  dep 
Telford.      Construct   remainder    as  in  Macadam 
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lata. 

►wing  the  tables  will  be  found  other  tables  and 
lat  will  facilitate  their  rapid  and  accurate  use. 

nple  No.  I,  Given,  a  new  12"  cast  iron  pipe  line, 
long,  required  the  discharge  per  day  when  pres- 
luge  shows  a  loss  of  head  of  10  lbs.  iOH-5=2lbs, 
ile.  In  6th  column  of  Table  No.  127  we  find 
bs.  or  near  enough  to  two  lbs.  for  all  practical 
es.  Opposite  in  loth  column  we  find  812,184 
;  per  day,  the  discharge  required.  If  the  line  is 
e  Tables  Nos.  135  and  136. 

nple  No.  2. — Given  fall  of  200',  required  size  of 
\  miles  long  that  will  deliver  3,000,000  gallons  of 
Der  day  under  working  pressure  of  (S  lbs.  By 
141,  b8lbs=i57'  head.  Total  head  (200 — 157') -^  4= 
IS  the  head  we  can  loose  per  mile.  Taking  next 
in  the  tables,  to  provide  for  contingencies,  we 
)r  16"  and  head  lost  of  10'.  46  per  mile,  discharge 
7  millions  per  day,  or  for  discharge  of  3.068  mil 
lead  lost  of  13.1  X4=52'.4  in  4  miles,  and  instead 
)s.  working  pressure  we  would  have  200' — 52'.^  = 
►r  6j  lbs.  pressure  nearly.  If  this  loss  of  4  lbs. 
)  is  not  permissible,  and  2.707  millions  is  too 
I  discharge,  then  we  must  lay  an  18"  and  we  find 
:>\e  No.  125  that  for  a  loss  of  head  of  10'.  71  per 
•  42'. 84  in  4  miles  an  18"  would  deliver  when  new  \ 

illions*  or  allowing  for  tuberculation,  ete.  ().7(j 
s  capacity,  the  18"  would  deliver  3,000,000  per 
rsome  years  after  construction,  under  64  lbs.  work 
jssure,  while  when  new,  (see  between  2'.  6  and  2'.  7 
y  Table  No,  125)  it  would  deliver  3,000,000  under 
74. 5  lbs  working  pressure, 

last  column  of  the  Tables  give  dhclmrje  in  Culi- 
miners  inches.     See  Tables  Nos.  if  10  and  UH. 

tiy  case  wheu  any  one  of  the  eleven  quantities 
in  the  tables  does  not  correspond  with  the  figures 
enting  the  case  at  hand,  use  simple  proportion, 
ing  the  next  lower  figures,  however,  a  slight 
factor  is  introduced  and  rapid  work  facilitated. 

jn  discharge  is  through  several  sizes  of  pipe  lines 
session  as  main  line  and  part  of  distribution  sys- 
se  Table  No.  740. 

^nderfiW/bs.  pressure. 


Table  No.  J20. 

DIAMETER    48  INCHES* 

Table  shewing  lOM  o1  head  and  pressure  aniS  discharging  ci^tdljtOf 
di  Iterant  velocities  ler  Cast  Iron  Pipe  Li  net. 


duce  Velocity. 


33J 
38.66 
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2m. 
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DIAMETER  48   iNCHES. 

Tabl«  slmwlng  Ide$  of  head  and  pressure  and  discharging  c^picltjrfor 
difTere^t  «filocittea  for  Cast  Iron  Pipe  Lima. 


Ilfftil  Lo*t  fir  (J  rude 
Hequirtd  la  Prtn- 
ibicG  Velocity. 


In  Feet 
per 


1[»FL   Mile. 
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In 
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Liffll  In 
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per  8q.  ln< 
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Cii  hie 
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Per 
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liicheA 
44nch 
Head. 
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m  11.4379  Mil 

221.3  ll.B 

lOJi  iss^es 

Sm  3383880 

»1  SI  6283. 

m  [iA'^i  :-^ni 

t3(«li  Is. 07 

mm  iiii.m 

(Ml-^l^, 

.^^^3074. 
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HU.33|mil'2. 

n.5  0.5<5S     ^.?^ 
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13.fsM  141..-^! 

i>tsr,H. 

m^um. 

la  3417^3. 

12.0  0.008 
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HVihS. 

tiiiiiH'.rir,. 
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ms 
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11B6  l&a.D? 

TIH9B 

422:9850 
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\U  '0.7(Ka 
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a.(H 

Mi.tNi  JfSH.r^i 

rr-5;^]7. 

lc{;HHt40. 

ni:>.f>HKHt8. 
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3.*2fl 

17.1W!1W.*J5 
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^M 
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ia^'»  17fi.|}^ 
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nT.TnbiiL 
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,  COST  TO  CONSTRUCT  48"  CAST  IRON  WATER  PIPE 


LINES, 


Coat  per 


foot.       mile. 

LEAB—Depth,    average   2%";    amt.    per   Joint 

Sft  to  112  lbs.;   aveirag-e  96  lb?s.;  average  p«r 

foot  8  lbs.    COSrr.  iSJ  5c-  per  lb.  Jn  the  work.  .10.40        53113 

HEMP— Arat.    per  joint,  average  i.5  Iba.;    per 

toot  0.37&  lbs.     COST,   @   7c,   per  lb.   la   tbe 

work 0.(^6  m 

KXCAVATlON-6^  wide  x  S'  deep  (4'  cover 
rly).  2  cu-  yds.  per  foot^  Timich  double 
nilUiiK     ies      required.       COaT,      Inclucllng 

SLlrHOt^S  @  40c.  cu,  yd -..  0  80  *E24 

EEPILLING     and    TAMPING— V^     COST     to 

txcavate    * * ...►  0.40  2112 

CARTAGE^ Average   haul,   2   miles,  one  pipe 

•         on  iruek ...0.125  tifiO 

I       PIPK    IJITING— Under    average    difficulties, 

[j       CmT  $3.00  per  length  or 0,25  1320 

U    FOREMAN,    timekeepers,    watchmaji,    Insur- 

tfc     4i5ce,  repairs,    incidentals.......... 0.48  j©34 


A.VEHAGE  COST  In  CITY  STREETS.' ex* 
cluaive  of  pipe  and  re-paving. *t ...tl48 

A^^RAGE  COST  In  Borough  of  Brook- 
lyn,   N.    T.,  In  1896.. 12.43 


112830 
FOR  COST  of  PIPE,   per  pound,   at  any  price  per  ton 
"r  grass  ton,  see  Table  No.  133. 
P'OH  COST  for  FREIGHT  or  CARTAGE,  see  Table  No, 

FOR    COST    to    RF:ST0RE    PAVEMENTS,    see    Table 
Ko.  132. 
I'LANGED  PIPE— Standard  dimensions.    See  Table  No. 

^^AJiEA  4S^  pipe,  12M  sq.  ft.     Contents  per  toot  \u  VftT\«l^ 

Copyright  1901   by  J,   E.   R.lder. 
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Table  No,  \2U    (Continaed, ) 

DIAMETER    36  INCHES* 

r^Je  Sh«)«fn§  lots  of  head  and  prefigure  and  discharging  cipaeltf 
tof  dllfBrenf  vclocltiti  for  Cut  Jnin  Pipe  Llnet, 


ft 


Heqiilrvdi  im 


In  Fctt 
per 


ioaFi, 


3fl1e. 


Ont> 

Foos 

In 


Lt^l  in 

per  Sq.  in, 
tu 


Biifchttj^u  III 
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1(».0347SSS. 
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:OBT  TO  CONSTEUer  W  CAST  IRON    WATER   PIPE 

■  I^INCS, 

Cost  per 
*  fuot.         111II4. 

LEAD— Depth,     average.     ^'*\     ami.     per 

joint,   es    to   BO  lbs.,   average  70  ll>B, ;    per 

footp    S.g3    lbs.    COST,    ^    5e.    per    lb.    in 

±i  work m.m       S153«.4» 

HEilP— Amt.  p«r  joint,  average  3  lbs.;  per 

foot.  \}.2i>  Jbs,    COST,  <5  7c.   per  lb,  in  the 

work C.0175  fll-W 

EXCAVATION— 5'  wide  x  T  deep  (4'  cover 

nearly).     L5    cu.    yds.      per    foot.      Much 

double     hauling   is   required.     COST,     In- 

audltig  BEL.l^HOI.*ES.  ®  40c 0,tK>  3ies.0U 

RE-FILLING  and  TAMPING-^  COST  to 

ncavate 0.30  ll&iM 

l^'jlHTAGE--Average  haul,  2  miles,  one  pipe 

<>a  trutk 0,11  SSj.SO 

H?E  LAYING,    under  average   difficulties. 

with   proper   tools,   etc.. 0.22  1161,80 

PORE.MAN*  tlmekeepere,  watchman,  insur- 
ance,  repaJrs,    incidentals 0.36  1900.80 


\ 


^^EHAGE    COST   in  CITY    STREETS, 

HBexclusJve   of   pipe    and    repaying M.UO       $10024.08 

^RlCRAGE  COST  in  Borough  of  Brook- 

iyn.  N.   T.,  In  189^.. .J2,00       JlOSeO. 

i^or  COST  of  PIPE  per  pound   at  any  price  per  net  or 
tae«  ton  see  Table  No.  133, 
for  COST  for  FKElGHT  and  CABTAGE  see  Table  No. 

&r  COKT  to  RESTORE  pRvemeQtn  » *ie«  Tab^e  No.  132, 

FLANGED  PIPE,  standard   dimensions,   sue  Table  No. 

H. 

kZA^ifi^incb  p/pe,  r.tf'isq.  ft  contents  pev  tocit  m  XcRfeOi.  ^.^fie^ 
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DIAMETER  30    IHCHES,                        T 
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Prodoee  Vdodtr- 

r^nuHleiHS- 

H 

^°i(. 

In  Feet 

Om 

in 

FhO"* 
In 

IS. 

TVp    ' 

Per 

ntlM  1 

100  Fl.  MUe, 

feet. 

31  lit; 
.ONE 

aw. 

Per 
Uonr. 

.0003 

OIQS 

£061301.  ,M08 

.19 

13S1S. 

.^ 

^9 

^B   -2 

UIQOW 

.a*M 

i4.-i'>u.  um 

jam 

.«* 

44L 

2^136. 

.«a 

J^^H 

^^   ^ 

,00143 

.<rr:»?i 

<iMtf7.  .OOflS 
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1.47 
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.95 

'^^^1 

■             A 

-OffiM 

I'JST 

4ir.W.  ,/>H>4    >1M9:     KM 

8SJ.    .^asra. 

1.27 

i^^^l 

.6 

ooasE 

1B91 

rB7s  .C155  ,oas 

2,ie 

U03.     «091 

LR 

^^^1 

^_      .& 

.(KMOtJ 

'Ai;i 

aDi.jtt.».  .i>-;it;'  jh 

3,85 

isaa.    ;to9. 

1.BD 

^^^1 

^ft    ,r  1  .ooear 

.:*4r 
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SJS 

^^^1 
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iM 
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fi.« 

9^1 
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0.«S9 

&007.   0-0641  0.29 

4,« 

3303, 
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O.T«2 
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.^^.4 

34*1 

UVIOI. 

3.49 
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ijs  o.aiTM 

o.ai.i 
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^^M 

a&44. 

158C19. 

3.S1 

ttt^l 

1.3  Q.(Mm 
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29M. 

17J8S7. 

i.U 

^^^1 

iA  o.(asa(» 

i.aoo 
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OM 

6.«7 

3064. 
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j^^H 
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0.^ 

7.S7 
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1,7* 
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7.85 
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5.0s 
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1.7  Qjas«4« 
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0.74 
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^^2^710, 
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1^    O.OSSfltt 
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0.82 

S-S4 

3005. 
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o.gj 

0.^ 
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MJ 
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m 
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MU 
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la^U.  ja:i24 

1.71 
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e82tt. 

4fnms6. 

9.a3 
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Tihie  No.  I2J.    (Contmued.j 

DIAMETER   30    fNCHES. 

B  l&ss  of  head  and  prcisure  and  dlsetiarglng  eif^aclt^  foi 
different  ^t«eltl«t  for  C«tt  Iron  Plp«  Lintt. 


feFeet 


PL  Mile 


Ftiot 
111 


15.43 
53.51 

63.17 

1.41 
70.32 
HUtt 


J^jst  in 

PaiimiiiiMjr 

dquitrc  ill, 

tn 


ItMJO 
feci. 


Mill* 


Jiiechnr^'i?  Ui 


Cubic 
Fit't 

oud. 


United  gtfltts  GairB 


Pep 


P*T 


m.r  4. 

91.1!  4, 
83-4=5. 
79.1  5. 

69.0  6. 
ftl.r7. 


T43|ift.U4 

mrm.2 

.007  37.13 


61.34  :7333.  l«5£m. 


(38.73 
71. 1« 
71 6S 


aBf741. 
33041. 


in  8.173. 
17»44iM. 

1Q3Z73S. 


Mil 

,"W.!ll 
34.9 

41.^ 

44.41 
'4I5J) 
i47.5a 


]  ii^li  en 
4lucli 


mam 
iMas.li 

3631.66 


CONSTRUCT  Wr  CAST  LRON  WATER  PIPE 
f  LINES. 

I  Coflt  p^r 

I  foot.         mile, 

bepth,     average,     2%'';     Amt.     per 
45   to   W  lbs.;   (iverag^e   48   lb»*:    per 
Ihs.    COST,   @   5c.    per   lb,    in   the 

!.„,. ♦,„..|a.20        |10fl6.ai 

mmt.  per  joint*  average,  2  lbs.  Per 
U6  l^.     COST,  @  Tc,  per  tb.  in  the 

r^.. , mu         mM 

JLTION-^.'S    wide    x    B.'S    deep    (4' 

nearly),   31   cm.   ft.*  per  foot.   Much 

handling'    la    reqtiired.      COST,    in^ 

f    '*bell-holefl'^    @  1.5c 0.465         2455.2^ 

LJNG  and  TAMPING,  iO%  of  COST 

ELvate   ,..- 0.186  &8Z,0S 

3B.  average  haul  2  mllee,  one  pipe 

ck........... 0;iG  B2S.O0 

ATING*  under  average  difficulties, 

iroper  tools,   etc 0.20  1C56.O0 

AN,  timekeeper,  watchman,  insur- 

repalrs.    IncIdentaJs 0.30  1&S4.{H) 

BAGE   COST   In    CITY   STREETS^ 

tclusive  o^f  pipe  and  re  paving......  $1,463      $7724.34 

DST  of  PiPiC  per   pound   at   any   price   per   ton 
^ton,  see  Table  No.  133. 

BT   for    FREIGHT    or   CARTAGE,    see   Table 


i 


BST  to  RESTORE  PAVEMENTS,  see  Table  No, 

|EI>  PIPE^Standard  dimensions.    See  Table  No. 

"  80"  pipe*  4. 5a  sq.  ft.    Contents  per  Coot  In  length, 

es  "bell-holes^*" 

Copyright  imi   hy  J.   B.   Rider, 

SOI 


y^.filf.       V.34 

::3a 

%^gsr^-.  m\ 


Tabic  No.  123.      ^ 

DIAMETER    24    INCHES, 
ng   loss  <it  htad  and   pressum  and  itiuihafgiria  capicXtr 
diflerent  veloclli»  tor  Csit  Iron  Pip«  Llnti* 


leqiiired  to 
iMC*?  Velority, 


DLfchnrgtt  111 


CONSTRUCT  24^^  CAST   IRON  WATER  PirE 
LINES. 

Coat  iwr 

'  foot.         mile. 

peptti,  averag-e  2%*'.  Amt.  per  joint 
llb«,  average  S6  lbs.  Per  foot,  a  lbs. 
B  ac.  per  ]b.  Ui  work............. .....|0-la  |792.0d 

■Amt.  per  joint,  averag-e,  1.75  lbs. 
QU  0J46  lbs.    COST  @  7c,  per  lb,   iTJ 

irk 0.01  a2.aft 

fcxiDN— 4'  wide  x  6'  deep  <4*  cover 
i,  1  CO.  yd.  per  foot,  less  double 
IS  than  with  for  30".    COST.  Includ- 

lell'holes"    ....,.,, .,...„,.„,.,...  t>M         1848,00 

LING   and   TAMPlNOH*   COST   to 

te 0.175         9W.00 

jE"Average  haul.  2  miles,  one  pipe 

ck 0.09  475.TO 

LYING— Under  average  difficulties » 

[>peT  tools,  etc 0.18  &50.40 

Timekeeper,    Watthtnan,    In- 
Repairs,   Incidentals ..,.  O.SJ  1267.2* 

LGE  COST     In      CITY     STREETS. 

Ilive  of   pipe  and  repaying 11.195       *S309,0() 

AGE    COST   through    FIELDS   and 

OUNTRY    ROADS ...ll.OS  5702. 4C 

X>ST  of  PIPE  per  pound  at  any  price  per  net  or 
see  Table    No.    133, 
>ST  for  FREIGHT  or  CARTAGE  aee  Table  No. 


DST  to  RESTORE  PAVEMENTS  see  Table  No. 
IEI>  PIPE— Standara  dimensions.  See  Table  No. 
lA"  pipe,  3.14  sq.  ft.  Contents  per  toot  \Tl  XfcTVgOcv, 
Copyright  19&1    by  J,   B.   Hlder. 


L 


aon 


Tafak  Now  m,    (Continued,) 

DlAMCTEfl   20    INCHES* 
lois  of  Head  and  prevsttre  and  dticharffng  c«paGlly 
■crant  velodllcA  for  Cast  Iron  Plp«  Llnti* 


for  Grade 


file, 


Out? 

Foot 

In 


PjTessiiro 
Lc»M  in 

pi^r  8q.  111. 


feet 


Mill' 


IXwrltargu  In 


Cub, 
Feul 


Untied  Smtufl  Cfatl* 


Mill- 
ittf. 


Is 

7t>. 

B.IW 

3S.7 

22.91 

juasi. 

54.4 

a.735 

35..% 

S4.0 

10T7I). 

18,87 

BO.'J 

7.iiy<i 

^.aa 

^.<Jfl 

IK'IMJ. 

lo.frl 

55. 

7,g7e 

41.51* 

2e,lH 

11751*. 

13.3 

5L1 

8.i77 

1476 

a7.27 

im^. 

in,g 

47,6 

D.U97 

4tJ.03 

iaT2B. 

tft.5 

44.5 

B.Tirr 

fil.4l 

«».4& 

13318. 

w.e 

4U7 

J  0,35)0 

e4.gt4 

30.54 

1370**. 

14. » 

mi 

11.07 

58.47 

«l.fi3 

Mim 

13-1 

3e.§ 

11.77 

6246 

33.72 

11BB7. 

Pet 

niiiir^ 


.  mmm. 


70501  w. 
7343S3. 

71)8140. 


ft5lflO<J. 
Sai272. 


rti- 

pay 


14.S1 
15.5! 

ie.£a 

10.92 
17.63 

n>.74 

Sfh4^ 
31.16 


^4Ut^li 


m»M 

1363.63 
1418.07 
147^.61 
1587,15 
TfiWl  M 
163133 


Construct  sr  cast  ikon  watbh 

t  ONES. 

■  Cost 

r  foot. 

plh.  averag-e  S^i"*.    Amt.  per  joint 
lbs.,    averaEe    32   lbs.     Per    foot. 
COST  @  5c.  per  lb.  In  the  work*  .KJ.133 
mt.    per    joint,    average   l.B    lbs. 
;   0.13S   IbH.    COST   at   7c.   per  lb. 

trk - 0.00675 

*lON«,  RE-FILLTKG  a.nd  TAMP- 

lyding^  "bell-holes"    0,42 

f— Average  haul,  2   mllE«,   2  plj>e9 

L.. -  0.05 

flNG— Under  average  difficulties, 

aar  tooU,   etc *  0.15 

S',    Timekeeper,    Watchman,    In- 
iHepairs,    Incidentals QM 


PIPE 


per 


46.20 
22L1M 
264.«0 

1056.00 


m    COST    In    CITY    STREETS, 

^«  &t  pipe  and  rep^iving^. tO,9B        15078.04 

SE   COST   through   FIELDS  and 

JNTRY  ROADS 0.83  4S82.40 

t  OF  PIPE  per  pound  at  any  price  per  net  or 

^  Tabla  No.  133. 

for  FREIGHT  or  CARTAGE  see  Table  No, 

II>  PIPE--Stan(lard  dimensions  see  Table  No 

ir  pipe,  3.18  sq.  ft.    Contents  i>er  foot  in  length, 

|;&llons. 

^  of  excavation  per  foot*  average,  pipe  co^rer^A 

aopTrfght  lOm   by  J.   B.   RlAer. 
20S 


i 


Tabic  No,  J  25.    K.'-ntinut^d,} 

DIAMETER     13  INCHES, 

iring  loss  of  head  and  pretsufe  and  d;$ciiafglng  eapactt^  fof 
dSllerent  vdai?K^B&  ^^^  ^*^  Jron  P{p«  LtnfrS. 


per 


Ft.  Mile. 


cm* 

h\mt 

In 


Jiont  in 

Sqasre  In 
in 

Dlacharg 

a  1& 

Fi?el 

rnht^SuieHO&ir» 

m\uen 

Pit 
Mili- 
um. 

lluLir. 

imy 

]l]rt]u« 

1000 

Mile 

J-iurh 

101.3 

1171 

135.2 
144,3 
153.>t 

lea^s 


61,41  /.OesJ.flT.lJUllB.M 


50.4;  7.08140.56 

4H.3>  JS.flHl  ir.4^ 
41  a    9-666  SO.S 
4l.KlO.LJr   "51." 

aLBiLWo  oi;  'r 
^.s viajja  tit) .(Hi 


ifl.4;i 
3o,ya 

31 .2 


,14  ::2 
ri,.-.^,    iii;r^.  f^-^v^.  T5.5u(i 

lK;-5   'Mi.*!.  Oi-.i.;:!:    115.08 

.  lfl.655 

33.3,13.42  70.Sflig6.6O&illSa7jri3336jl7.g39 


0121.  m;:  . 

]i:ji.H.,l.iHKMl 


!J27,75 

lirl4L.n 


K ;  1  ■  i 


1 L  l.^Jji 
12H1,1H 


k|  CONSTRUCT  IS"  CAST   IROK  WATER  PlPt: 

■  Cost  per- — » 

i*  fO€Jt  mile, 

-Oeptb,    average,   2%".    Amount  per 

average   21   lbs.    Per   foot,    2.2S   lbs. 

fe  5c.  per  lb.  In  the  work **... $0.1125       I5&4.00 

^niiount  pf^r  Joint,  average,  1.25  lbs, 
>ot,    0.1M    lbs,     COST,  @    Tc.    per    lb, 

5    work ,,..» , ,..,  0.W73  as. 54 

^ATTON,    RE-FlLLlNG,    TAMPING 
I,   ft,  of  each  per  ft.    14'  cover  neai-- 

:OST,   Including  "bell  bolea".... 0,37  195S.60 

lGE— Averag^e   haul    2  mile  a,  2  plp«a 

lick    .,,,,,. ,,.., , ,...,  0.045  23T.eO 

.^ATING— Under  avera^fe  dlfticulttes, 

proper    tools... ........,,.,  0.12  633,60 

dANt    Timekeeper,     Watchman,    In- 

ee*    Repairs,     Incidentals .,...,,  0,18  950.40 

i.GE     COST     IN     CITY     STREETS. 

sive   of  pipe   and  repairing-..,,,,.,,... |0.S348     14407; tl 

^GE     COST    IN    FIELJ>S     and    on 

gTBY    ROADS $0.71        |3T48.gO 

::OST  of  PIPE  per  pound  at  any  price  per  net  or 

on,  see  Table  No.  133. 

COST    for   FREIGHT   and    CARTAGE,    ue    Table 


COST    to    RESTORE    PAVEMENTS,    see    Table 
I. 
NGED  PIPE,  standard  dimensions,   see   Table  No. 


IB"  pipe  equals  1,77  sq.  ft.    Contents   per  foot  In 
m  U.  S.  ^aJJojw, 

Copyright  IBOI   by  J,   B.   Rider. 
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ible  Showmg  foss  of  head  and  Pr«ssure  ifid  discharfk^  capacity  hr  i\^ 
ent  velocities  for  Cast  Ifon  PlpA  Lines. 


tahU  No*  126*    (Continuei 


DrAMETCR  16  INCHES, 


1:1  end  Lo^t  or  Grade 

iKequlf^d  tci  Prodtioe 

Velocity, 


I  One 
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In 


Lost  Iti 

P^dticjB  per 

in 


Feet. 


Mile. 
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7B33  4G^)«njj  li  z^/»  svz 

H14:.  iMM7^>-j.  11.7:^1   I**;, 

hj»;i(.  N>T%M-J.   hi.lHiJ    U4-J, 
HW.  5fi39Bl   13.53S  1047, 
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TO  CONSTRUCT  16"  CAST  IRON  WATER  PIPS 
LINES.  I 


foot. 


Doat  per- 


mlle. 


I52S.00 


30.|| 


nBo.20 


IBM 


S28.00 


S44.80 


LEAX>— Depth,    average*   214".    Amount   per 

joint,   averafi-e  24   Iba *t0.10 

tlEMP— Amount   per  joints   average,   1  lb. 
1    Per    root.    O.OgS   lbs,.  COST   @  7c.    per    lb. 

Jin  the   work .. 0.005S 

EXCAVATION— Amount,  II  eu.  ft.  per  foot, 

including^   ''bell   holes"    (4'   cover).    COST, 
•  including  RJi-FlUljING   and   TAMPING..  0.34 
DARTAGE]— Average  haul,  2  mlleB,    3  pipes 

on  truck .*.,..- ., ,.  0.0313 

(PIPE   LAYING— Un*1er  average  difflcultles, 

I    with  proper  toola. ....0.10 

3F0EEMAN,    Timeket^per,    Watchman,    In- 

mirancc^    Repairs,    Incidentale O.lfl 

AVERAGE    COST     IN     CITY     STREETS. 

excl us S ve   of  pipe  and  re- pavi ng: fO. 7371     |3S9i.S8 

Or.  appi^ximately 0.74  3S0O.00 

AVERAGE    CD0T    In     FIELBS     and     on 

COLTNTRT  ROADS,.. 0.63  3326.09 

FOB    COST    FOR    PIPE    per    pound    at    any    price    per 
net  or  gross  ton,  jsee  Table  No.  133. 

[    POR   COBT   FOR   FREIGHT   or  CARTAGE,   see   Table 
No.    133. 

For    COST     to    RESTORE     PAVEMENTS,     see    Tabli 
No.  131 

FLANGED   PIPE,   standard  dimensions,  see  Table   No, 
134. 

Ajrea  16"  pipe.  t396  aq.   ft.    Contents  per  foot  In  lengtli<^ 
mil   17.   a    ^allam. 

OopyrlKht    J  SOI    by  J.    D.   PvV^eT. 
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DIAMETER   12    JlStCHE3. 
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dlierenl  velocities  for  Gist  Jfon  Pipe  Lines. 
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OST  TO  CONSniUCT  12"  CAST  IRON  WATER  FIFE 

SLrlNES, 
Cost  per 
fdoL 
>— Depth,     Q^verage,   2",      Amount     per 
joint*   IS   lbs.;   per   foot,   t5   tba.     COST® 

5c,  per  lb.  In  the  work.*. -**>** »*..*..»* ID.075 

IE  MP— Amount  |>er  Jalnt,  average,  5.3  lb.: 
per  foot,  O.^yrS  lb.     COST  ®  7c.   per  lb.  In 

the   work    ..., ..„,  0.006a 

SlXCAVATTON-Anionnt.    14    cv,     ft.,     per 

I  foot,   Including  "bell    holes'*     (4'    cover), 

COST.       Including       RE-FILLJNG      and 

TAMPING   ;. O.K 

Cart  AGE— Average  haul,   2  mlie«,   4  pipes 

^n  truck 0.03S 

'^irE  LAYING— Under  average  dlfflcultlea. 
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422,# 
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AVERAGE   COST   In  CITY   STREETS, 

» exclusive  of  pipe  and  repaving^- ■--■*- -10. fiSE2     t£9gO,W 
Or   approximately ..|0.55        (290O. 
VERAGE   COST   ill   FIELJ>a   and   on 
COUKTHY   ROADS »0.49         $2687- 
^  COST  to  RESTORE  PAVEMENTS,  see  Table   No. 

FLANGED  PIPE— Standard  dlmenHiona.    See  Table  No. 
IM. 
Area  12^  Pipe,  0.7854  sq.  ft.    ContentB  por  foot  in  length, 

ODpyrisht  JflOl  by  J.  B.  Rider, 
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Taf»le  No.  12a.          ^^^H 

DIAMETER    10   INCHES. 

^^     f4hl«  Showing  lf»S£  af  head  and  pressure  and  discHargl^Q  capii 

^^                 tor  diflertnt  velocities  for  Cast  Iron  Pipe  Unet, 

V 

llvikd  Lii*t  oi 

iJrwU* 

^    W 

Rstinlreil 

Itj 

Prt»siire 

Lost  111 

Pmmilt, 

pat  Sq.  liK 

in 

DSucharge  In 

loc- 

Pmductf  Velocity. 

Ill  Fw)t 
per 

One 

Fm>t 

liv 

Cub. 
Fett 

und. 
0.051 

mUed  SUtca  0*11% 

44 

m 

Per 

Min- 
ute, 

ni*ur» 

100  Ft. 

Mile, 

iDoa 

Miii^ 

■    I 

0.0008 

0.01 

137^3 

O.0C3 

O.DIS 

25.!     1159. 

3B2&t 

^B           lu.inier 

0J4 

mT^ 

0.1  tr.^ 

iK*itr^ 

<j,it»fl 

49. 

aU37. 

TlifnO, 

■ 

u.otiae 

n.ati 

ITHI 

0.it:>4 

^|.1J1^ 

turn 

7tL 

440G. 

KSTM. 

H 

0.(KM5 

tX5 

ti)iVil 

0.1U1 

U.217 

fh.21H 

SiK 

SSTTj, 

14ii:j(G. 

t 

H    -^ 

O.Oli 

0.75 

70«L 

0.061 

0.324 

0^279 

122. 

7343, 

175254- 

u 

H 

9M 

1.04 

50^. 

0.1^=1 

1>.44U 

u.»37 

147. 

8812. 

2ll,=i<U, 

1 

■    -^ 

o.oae 

IM 

3853. 

0J13 

0.5fH 

ij,38l 

171. 

K>2S1, 

24C755. 

1 

H 

0.(N)» 

1.74 

8i)3«]. 

0.143 

0.75.5 

0.43G 

IWJ. 

1 1750  j  28aMC. 

i 

H 

o.tnw 

e.i5 

^^451. 

[>.I77 

<>.fl3^1 

0.49 

230, 

y.r.-pi  u-         ■Jl".!'-^ 

1 

■     l.{3 

0.0493 

2.5 

E027 

5.214 

1139 

0.545 
0.,'iW 

245. 

1  ■  ■ "  '        "    "17, 

i 

■     M 

U.Oft«S 

«.<lfl 

17(18. 

il.^TjJ 

1.-^4 

2(M*. 

i  ■ 

3 

^      l.a 

cMhVH,", 

H.iSfi 

146J. 

0.'.>li7 

1.507 

o.a''*^ 

S^^. 

:,^,....   ......Att. 

1.3 

fMi79 

<J9 

1205. 

f>.:i43 

1  81 

ixim 

SIB. 

1^)94.1  45aiist». 

1.4 

rMXK« 

4.77 

1107, 

r>.3(h; 

2,e»t;^ 

if.TrW"    :i43. 

^Mfl-jJ  4na.vKi. 

l.B 

0.1023 

5.4 

577.4 

0.441 

2.31 

0.B18,    3fi7. 

22031.    52S760, 

1.0 

OAUa 

B.tJ7 

STO  J 

(K4&8 

•2,\i^i 

r>..^7ir 

a»i. 

^>:iV.iii.     .-lii-l^KI. 

l.T 

<K1281 

fl.77 

;tsj).3 

a,Vi''f 

3.ici 

t.ita? 

41G. 

-.ji'jf.Li.   r<[i'.\-^^^^ 

l.S 

IK1421 

7.5 

7rKi. 

it.tttn 

3.325 

i>.^*fli 

440. 

^4i^'V6. 

j>H.Mi 

l.f» 

iKK-ifie 

H,i27 

(i3S7 

{fc.OTVl 

a.."^ 

t.036 

406. 

S7tH«. 

Otf.JTtS. 

SI 

s.o 

0172 

3.0S 

eei.e 

0.715 

331 

1.091 

4S9. 

29375. 

705011 

% 

V-1 

IMHTS 

a.m 

r^,o 

ii.lHH 

4.3 

kl45 

all. 

3(W44. 

740!^. 

i 

2  a 

iha(i43 

10.78 

4H0.8 

U.»4,5 

4,«7 

1.199 

5S8, 

3aai3. 

T755Iliv 

1 

US 

fxiSilii 

Ihffi 

453.1 

(imi 

TiM 

1.254 

saa. 

33781- 

810769, 

6 

J.l 

n,a3fts 

1^.61 

41S  7 

i.av. 

:j.47 

\.m 

StST. 

SM5(i. 

810017, 

S 

2.5 

o.scee 

13.55 

3S3.7 

1.112 

0,57 

1.3fi3 

511. 

3671S. 

531367. 

1 

i.O 

ij.!^7r>* 

14,M 

.%.H  J 

1  liN 

0.3 

1.418 

(>3fi. 

381  ?<H, 

1+10518. 

1 

^J,7 

u.iai'17 

n.mJ 

330.,^ 

1.-J7S 

o.5:> 

\.4Ti 

660, 

am?. 

U.'il7fiO. 

fl 

^.B 

^3147 

ltt>}| 

317. fH 

i:m 

7.3 

1.5*7 

C85. 

41135. 

987018. 

11 

^i.d 

n!53.iij 

17.7 

*A1«.4 

1.4.5.3 

7.117 

E.'58l 

™, 

4*404. 

I0!»3ja70. 

fl 

3.0 

0.3563 

IB.SI 

SSO  7 

1,514    5.15 

1536 

731. 

14053. 

1057531. 

a 

3  1 

iir^H 

iRtW 

264  (i 

1J>JW   8.05 

\.m 

7W, 

45535!.  iJOtlSr?!' 

s< 

3.3 

^i-i 

31.13 

S49.9 

LTSfl   y.l'i 

f.74S 

788. 

47CNiQjll3.S(Wa.     Si 

.4.3 

UA22^i 

ift*.«J 

3.40.5 

i.K?«  n.<w 

r.7t}9 

fi'.rr. 

4H]*\'\  rr-'ri:^.     iA 

3.4 

<M4r,3 

ai,M 

S25  1 

J.':.i:i.-i  lii.'J] 

|.\-)4 

8*J3. 

-1  ■•-           -.-J  J.     « 

3.B 

0.4702 

34.83 

ais  7 

2.055  10. 7C  1 

1  ^09 

B55. 

CI:::  i:::"i.   « 

3.« 

ti,MWi 

atsja 

2[)B.;i 

3.114  iLri^  i,ma 

8tll. 

r*;;:*;!,.  j.''.'::..    * 

3.7 

O.MftT 

^j:.44 

19&-4 

3.*J.=53  ILtPJ    'i.018 

iir)5. 

543* J.  \:-\<K:r>).   [■■ 

3,8 

n.&t-ie 

8M.7fl 

18a.4 

3.3Cl|ti;.4a  12.07TJ 

930. 

^58 13.  ]M.^'C,^>.:..    Ill' 

3.9 

o.^-jriH 

9^1,16 

I7r>. 

3.47B  13.08  12.137 

ifM. 

f372Hs2,  rj^JT7;. 

m 

4-0 

0.5979 

31,57 

167.2 

2.592  13.50  ,2.191 

075. 

53751.,  141002S. 

M 

4.1  (0,<fci.M 

Ifii 

m). 

e.;i     N.?J1   :3.'JJ5 

UHJ3. 

<!0-2lW,!lJ4V*Vy. 

m 

|.*i    O.tS.'WH 

34.47 

1.53.  S 

.i.K^ 

r4.fl4  ,i2.30 

I<t38. 

tilti88.  Hm.VJO. 

in 

4.3    ().fi«13 

:J,V0fi 

14fKS 

^Mr.2 

15.5a  :3.3J 

10.5J. 

fi315T.  1.515780. 

ii; 

J, 4  iU.TlHKJ 

.T.4ft 

140  0 

3.0TT 

jo.3r>  ^  JKro 

1077. 

(I4a:«.  1551031. 

i« 

4-5  0.73d2 

as.oa 

135  3 

3204 

lfl.92  j2,451 

nor' 

630SS.  isseasr; 

1^ 

4.  ft  10.7(30 

U>.0 

liftj. 

.H.*^:^ 

17. ft   .s!,ri<fi^ 

113ru 

!ir.^K;3.,is3i.'ia3.; 

1^ 

1,7 

0.71**>4 

4:2/2 

li."..! 

;i.4w 

m  39  ]3.5<t:5 

htjii, 

ii7(W3.  ltt5C783,' 

)a 

4.8 

0.8.30^^ 

+1.83 

]3ti  r> 

^sm 

TS>.       ,3.017 

nri    :[iL5i>i.ii«ftaiaj., 

ia( 

4.9 

n.8filft 

45.4  B 

ne.i 

H.r-ir, 

n.7t  I^XjTV 

]l'M. 

ihmi.  iriratM. 

iJ 

«.o 

o.es3e 

47.16 

111,9 

3.S73  2045  i2,727   1223. 

73138. 1762636. 

U 

.15 

L()til 

r,(k()i 

04  2 

i.VH'Ji.2H  ,3.i>tHi    lUd. 

R>7H3.  I9,'i8:«f(. 

i« 

CO 

LS^l 

fj5,.i 

^^.\-. 

r,;i>  ^s.3i^   :i.2T2   Ut<>^. 

8Hl!;o.  3n.'5Ma. 

1^1 

fl.B 

i.4as 

75.65 

ty.\.v 

C.^JM  -i^.Tl"  ■H.f>i5    ir.'.ii. 

im-iV.  a:20l29«. 

17 

7,0 

1.0.31> 

8fi,4.=i 

m. 

r.ii'.>;-t7.r  :^.H^r  iri:i. 

10^^14.10407,549. 

10 

7.B 

1.8G4 

97,&8 

53-9 

a.03G  1S.43   4.00  1  1335- 

110153,2643903. 

» 

L^        S.O 

)nm 

10&.0 

4l:t. 

O.J^ut;  iT.o:i  ,i.r^i'i3|  r.CiH. 

ll7Vrjj;l*Ofi05fi. 

^' 

I^H 

a.323 

lSa.B 

43. 

10,07  ..'-.a.lj  UxAW  3080. 

yy^uy^.    ^*!ifif'y^n. 

a 

^L^^/ 

i?,5r^  , 

Ja^fl 

bS.8 

11.10  \!i8.0\  U.^>H\^Keft, 

\VV.             ■    M.:!. 

M 

^^ff> 

£«?     14&,8  I 

36.  i 

i2.a   W.^ia  \!i.w\  ^swa:..v.           .  ^-jx^ 
ia.4  \7im  t.ttV  aitt  .a^^^T.  ^vj;fl-i}  • 

■  '4 

111  im.3  ' 

3fl.l 

■     , 

213 

^^^g 

ReQidirvtJ  i*t 
^,  I    |*tiM.li*L'ti  VeltH  ity. 

Iti  Teel 


DIAMETER    fO   INCHES. 
Aftp  loss  or  head  ind  pressure  iiid  dtichirglni  np 
for  dNlerent  « Ho  cities  lor  Csst  Iron  Pips  Un«s. 
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£4.S» 

Liaso 

3a.T4 
528.00 


fOBT  TO  CONSTRUCT  10"  CAST  IRON   WATER 
LINES. 

Cosi 
foot. 

-EAD — Deplh.  average*  l%"\  amount  per 
Joint,  IS  lbs.:  per  focjt,  1.25  lbs.  COST.  0 
6c-   per  lb.   in  the  work.... ...tO-062& 

3EMP— AmDunt  per  joint,  &vera^ep  0.8  lb.: 
I»er  foot.  0.066  lb.  COST,  <Q  7c.  pei-  lb  tfte 
work ..,.,..,*.,.  0.00ie 

exCAVATION— Amount,  13.5  cu.  ft.  per 
feot^  Including;  bell  holes  (A*  cover).  C08T, 
Including   RE*F1LLING  and   TAMPING..  0.22 

Dart  AGE— Average  haul,  2  miles.  6  pipes 
on  truck ►  O.OISI 

t'lPE  t^AyiNG— Under  average  dlfHcultles. 
with   proper   tools ..,,..0.00 

**OKEMAN,  Timekeeper,  Watchman,  In- 
Hurance.    Repairs,    Incidentals,,-...*...*....  0.10 

AVERAGE    COST    in    City    Streets,    ex-"" 

tliislve  of  pipe   and  re-pavlng 10.4658     1^459. la 

or  approxtmateiy    . . , .10.47        12460 

AVERAGE  COST,  In  fields,  on  country 
roads,  or  In  unpaved  streets  of  small 
municipalities,  where  FEW  repairs  to 
existing  drain  pipes  and  other  structures 

are  required .*I42        milM 

or   approxitnateiy    .....................10.42        SSZ40 

For  COST  of  PIPE  per  pound  at  any  price  per  net  or 
^ross  ion,  see  Table   No.   1S3. 
For   COST   for   FREIGHT   and    CARTAGE,   see   Table 

Ko.  laa. 

For   COST   to  RESTORE   PAVEMENTS  see  Table  NO. 
FLANGED  PIPE— Standard   dltnenslons,   see  Table  No, 

Arv^t  nr  pipe.  &.54S4  sq.   ft.    Contents  pef  loot  Vi\  \%t^»^3Bh,  . 

lia  U-   S.  gationB.  "^ 

Oopyright  IBQl  by  J.   B.  RIflier. 
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TaM£  No,  m,          ^H 

DIAMETER   B  INCHES. 

JtkH  $h9m\»%  lo«i  9(  head  and  pressure  and  dlf charging  capa 

itttftnt  ntocHlM  for  Cast  Iron  P^pe  LliMa. 
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:OST  TO    CONSTRUCT  8"  CAST  IRON   WATER  FIPH 

Cost  per - 

Foot.  Mtla, 

.^AD— Depth,  average*  I'Jt".  Amount  per 
Jomt,  12  lbs.;  per  fool,  I  lb,  COST  @  5c. 
per  lb.   In   the  work... .fO.Oo  $miM 

lEMP — Amount  per  joint*  average^  0-6  lb. 
COST  ®/  Tc.  per  lb.  In  the  work 0.0035  1».48 

EXCAVATION— Amount,  12  cu.  ft.,  per 
foot,  IncJtidlng^  "^bell-holes"  (4*  cover), 
COST,  Including  RK^FILJ^NG  ftud 
TAMPING    .„, OAS  B5O.40 

CARTAGE— Average  baul,  2  mllea,  ti  pipe 
on   truck 0.0156  S2,37 

PIPE  L^YING-Under  average  dimcuUles. 
with   proper    tools................ , OM  SILSO 

FOREMAN,  Tttnekeeper,  Watchman,  In- 
surance, Repairs,  Incidentals O.OS  423. *> 

AVERAGE   COST   IN  CUy  Streets,  ex^^ 
elusive  of  pipe  ami  repavlng..........-J0.36&l 

Or   iipproxltnately .....|0.37 

AVERAGE  COST  in  flfjlds.  on  country 
roads,  or  In  unpaved  streets  of  small 
inimlclpaUtlea.  where  few  repairs  to 
existing  drains,  pipes  or  other  struc- 
tures are   required |0.33 

For  COST  of  FIFE  per  pound  at  any  price  per  net  or 
gross  ton.  see  Table  No.  133. 
For  COST  for  FREIGHT  or  CARTAGE,   see  Table  No, 

m. 

For  COST  to  RESTORE   PAVEMENTS,   see  Table  133. 
FLANGED  PIPE— Standard  dltnenalons.    See  Table  No. 

mJ^^  J"  ^^R^*  ^'^^  ^^'  ^^-    Contents  par  loot  \tv  \e:Ti^t^i,^ 

Oopyrl^ht   imi    by  J.    B.   K^deT- 
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Tabic  No.  130. 
DIAMETER    6    IhtCHEb. 
Tillli  Shoiirlfig  lata  of  head  and  presfture  and  -^le<:ha/gtng  cipadli 
for  dlidi-ftiit  vfllacitle*  for  C«»i  Ir^n   PJpe  Llnet. 
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TO  CONSTRUCT  6"  CAST   IRON  WATER    PIPS 

LtNES. 


Foot. 

fiJLD— I>epth,   ^vera^,  1%''*    Ami>unt  per 
joint,  9   lb8.;  per  foot,  0.75  lb.     COST   ® 

5c*  per  }h.   in  the  work....,,,... ..^tO.imS 

^MP — Ainouiil  per  joint,   average,  0.*  lb. ; 
l^ec-  foot.  0,033  lb,    COST  #  Tc.   per  lb.  in 

Ul«    work 0.0023 

rXCAVATlON— Amount,     10    cu.    ft.,    per 
foot,    including    "bell -holes"     (4*    cover)* 

COST,      tticltjding      RE-FlLIilNG      and 

TAMPING ..„,....  0.15 

rARTAGE— Average  haul*  2  mlleB|  W  plpo 

mt  trutk ,.,.....,  0.0091 

MPE  LAYING— Under  averaero  dimcultieB, 

with  proper  tools 0.02?5 

n^REMAK,    Timekeeper.    Watchman,    In- 

sirjinee.    Repaira,    Incidentals 0.0$ 


:?oat  per- 


Mlle. 


ll&S.OO 


12.U 


792.00 


49  63 


ns.at* 


3ifi.ao 


I1&U-7S 
IIBOO, 


H373. 


AVERAGE   COST   In   City   Streets.   «x- 

clualve  of  pipe  arn5  repavtnB- .,..|0.2Sfil 

Or    approximately 10.29 

AVERAGE  COST  In  small  mtinlclpall- 
tles.  where  few  repairs  to  existing 
drains,   pipes  or  other  structures  are 

required ..$0.26 

F&r  COST  for  PIPE  per  pound  at  any  price,  net  or  gross 
t«o,  »ee  Table  No.  133. 
For  COST  for  FREIGHT  or  cartage,  see  Table  No,  13a, 
For  COST  to  RESTORE  PAVEMENTS,  see  Table  No. 

Flatjged  pipe,  standard  dimensions,   see  Table  No.  134. 
Area.  6"  pipe,  &.2B6  sq.  ft.    Contents   per  tool  \ii  \%f\l^^, 
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idkK  Qf  ti««A  AIM  liflasiini  aail  di«clu/fiii9  c 

tor  Cut  l>on  PifiB  Li  (MS* 


LiulHt    UL 
►  V>UJlua 


Dteeiui!^  I& 


:d  iH»te»  (^ 


1 

rr  --'ssij-r-,-^- 

^UfTT       J1.41      ■■■^'      ■'  ■■       ^-T 

(Uffl     U:                       ..: 

HHUMI 

1.3  i.JZl 

4,8       ±t)i 

33     iiet 


U13 


Iff:.? 

stiottlng  loM  o1  head  ^d  pr«tsitf«  and  iltchtrf  tn^  »p«cftrftr 
i>)fftr«nt  vel^cHlet  for  Cati  Iron  Pip«  Lln«s. 


[«afrLo«iur  Grade 
Required  lo  Pro- 
duce Velocity. 


In  Teet 

JWff 


)  Ft.    Mile. 


M    1  5^J 
.541       TlT.l 


Foot 


Lnlin 

PrtdiidB 

per  ^.  in. 

in 


1000 
fvet 


Itik 


'.4 


5.6 


■i.6H 


«44.4 

aiU.H 

»*42 
4t0.3 


Cu  Iftej  Unf  led  Stat^  Gal  I  'a| 
Feet 

S^-    Miti- 


Hin 


131. 

4.V>. 


23 

1071.S 

id 

B7.9« 

1£4.1 

*&.■> 

1407. 

aj 

11. -5,5 

610.     1 

.06 

1:99. 

iLS 

MT.ft 

T7S.5 

11 

3*®. 

ZA 

18S.» 

m^^ 

^ 

flesT, 

2.0:  ^^ari.ft 

UOfi. 

13 

3190. 

t7:  ail.5 

1»8. 

67 

UT31. 

1.4 

ao6.3 

t§lT, 

m 

4310. 

i,a 

3fi8.7 

1&S». 

af7 

40^. 

ij 

40*.^ 

2tU. 

5^0. 

1.0 

438,4 

m». 

(191 A 

O.fllJ 

JJKJ 

1.0*1!    r-^ 
l.lr-; 

1.3C: 
1  ..vj 
;  *"■' " 

ft.l0010?T. 
2.636  tm. 

S,OM  15T0. 
S  J  70  14^. 


HOMT 


ITl(^be0 
4<inch 
IJevl. 


S46T4     IIBSt74     iSitf 

-jTiTiri    fUhaTi     snjr 
""^3     70ifl«9, 
i6l.%4i 

S1S962     G&.0  , 


iU83 

83347 

IfifiOM 

imm 

i05S8» 

F 


CONSTRUCT  4"   CAST   IRON   WATER    PIPE 

LINES. 

Cosl  i>er 
fool.         mile. 


J — Bepth,    average,    1%**;    amount   per  * 
t.    G  lbs.;  per  foot,  0.5  lbs,     COST,  p 

?er  lb.   In   the  work......... »0.025        »l32,ao 

P— Amount  per  joint,  average.  <>*2  lb,: 

foot,   0.0166   lb.     COST.   0  7e.   per   Jb. 

he  work ,.... O.OOO"  «-l8 

i^VATlON—Amount,  8  cu.  ft.  per  foot, 

udlUB"  "bell  holes"  (V  covers).     COST. 

Qdlng  RE-FILLING  and   TAMPING..  0.12  G33.fi0 

TAGE— Average  haul,  2  miles;  14  pipes 

truck .0.0066  34.85 

LAYING— Under  average  difilctiltieB. 

1  proper  tools 0.025  132.00 

EMAH.    Timekeeper.    Watchman.    In- 

ince,   Bepaire,    InLldentals 0.04  211.20 


ERAGB    COST    to    City    Streets,    ex- 

uaive  of  plp€  and  re-pa vtng- ,.......$0.21777    11143.83 

or   approximately    .....................10.22         11150.00 

EH  AGE  COST  in  small  miirilclp  all  ties 

h^re   few    repairs    to   existing   drains. 

pes  and  other  stmctures  are  required  .Ift.^        1ftS^.fl^\ 

a  ^^  ptpe,  &.m7  sq.  ft     Contents  per  toot  Itv  X^^veNfe^.^ 

CbpyHgbt  mn  by  j,  B.  RVder. 
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TO  RESTORE  PAVEMENTS. 

materuLl  canii*3t  be  replaced,  tis«  witM 
Tmkim'  K^  iii  lo  iiS  indnsive,  togethefl 
mSmuvtSbem.  ^frca  ux  this  work  relative  taJ 

As  a  rmlr  iKadi  of  the  material  can  be  i 

^  T^  svera^  as  foDoxrs: 

Talk  f4o.  tm. 


Table  Nd,  t3X 


;SOST   FOR    MATERIAL    OR    TRANSPORTATION 

In  C«fiU  P«r  pQUfli)  witH  Equkalentt  \r%  D«lliri  per 

NET  Am  a»OSS  TON. 


0  m     O.Wi 
OMi     0,tt72 

KiJO      1.344 


2.919 
!       3.00      13@ 

3.00,     4.1X33 


Net     Gmtsa 

Tmii.    TnD. 


Tmi, 


Tf>iJ, 


5.t*>     G:in\ 

fi.HO      fi.  lUfji 

e.OO     6.72 

7.00i  tU 
7. -Iff,  H.iaSH 
7M)\     H.7St5 

9  Qo  moe 

TO  Tr*2'  i 
n:>.*.r'ij  '1 
IL20 
II.  1^ 

11. «7 
I^JO 
1132 
HM 
ia.77 

13,2a 


ijj_lg'00   liii 


1100, 
i:i4if' 

in.m 

li.OQ 

14.JU 
UM 

urn 
u.m 

15.00 

j^M 

16.00 

17.00 

17  M 

.90    1S.00 

M    IH.iiiJ 

JG!  19,00 
.961  lf)/20 
4>7i   1^8.4(1 

.m.  vnv) 
.00  20.00 
.,02   aiK40 

,04'  af)..RO 
..05  21-001 

.<JT  iif.lU 

.US'  ^i.<Sij| 

<m  2!  .HI  1 1 

10  21001 

T:J  ^.4i>. 
13    tK.f)i>. 

•  141  22,Hi>| 


Iti.   Ton. 


Ton.  I 


23-00 
m4n 


.19   33.80 
.aOl  51.00 


|rl3Jll^ 

14.11 
U.^i 

15,iJ:i 
iri.4fT 
l.'i.e& 

i.-i.m} 
]fi.i5 

Irt.'VH 

16-BO 

ir.afi 

17.4^ 
17.70  , 
17.92  I 
1J^.I4 
18  HT 

iH.H^a 

l«H-^ 
10.  CI 
lU.aij 

1971 

nuH 
20.10 

i^Lill 

3a,H3 

21.2S 

2Un 

2U.1K 
S2.40 

23.07 

a3B2 
2^,74 
2Ji.;i7 
24.1  a 
21.4'^ 
&iM 
21.HII 

25.3il 

26.76 

afi.4!i 

2fl,60 

2€9e 


,J?1  r^.^J|27Jil; 

.^"i  ti4.Hj|  ^.^i\ 

.231  iM.m>  27.;v> 

.ai'  iw  HO,  wT.rs' 

.25  2E.0O|  SS.OO; 

,VT  V.'"v.lJK  i>i,4,'"j, 

.a^  tin,ii<i'  ;!H.OT| 

.30  26.00  29.121 

m  yn.'Jj  ;niri4. 

.SiJ  2f^  H.J'  2i».."i7i 

.33'  yr^.*;')'  211, :Tt 

36  27.00'  30. 2i 

Hti  i;  jij|  aiiMi 

:ir!  zi  m  3i>,(5U 

3H  2rjVJ  *I.W! 

m  5j7,H0l  31  N 

10  23.00  3130' 

.41  tiS.'Jjl  31  ..SM 

.4a  '^H.Ui  ^il.KI 

43  an.m)  3^J,LI3' 

+1'  ^irt.Kii!  3a.*j(^ 

iS  29.00;  32.43; 

4ti  ait,2i>i  3y.r0' 

47  211, 40'  S2Mi 

48  2a.fl*i  33.151 
4ti  a*».rtO  3H.fJH 

GO  30,00  33.S0' 

r)i>  3(J.i.*t»  m:j.H'2 

fF2!  ao.40  34 .(Wi 

m  m.t^t  34.27 

54'  t^J.m'  34.5(> 

M|  3LO0  31-72 

5fli  3K2I  a4,94 

5T|  31,  JO  Sfi.lfJi 

.'5S.  31  .in  3r3.30 

rjtJ,  31  .Hit  JlY^k-2' 

eO  32.C0  35.ei| 

Oil  32.:it»  3fi.rMi 

62.  S^M  M.m 

.63,  ad.Btt  Stir^l 

64  32.Ni>  3J}.rt 

eS  33,00  36.3i:' 

.fUJ,  3:^.^>  37.1; 

.67,  3'i.4't  ^7..n 

6«'  3;^JHJ  37.  (>1 

ml  32iHt>  S7.H(i 

.70  3i.0O  38.09 

Tli  31,y^i  3H.30 

7:!*  34.40  ^.53 

.7n''  34 .(w  sR.rrr 

.74  34,s<i  38. ?h^ 

.75  35.00  39.20 

,7B  35.21)  ay  .42 

.78:  35.61.)  39.87 

,7S  S.VW  40.10 

SO!  3B,0O  10.32 


1.P4  *3«.i 

i,«2;  ^Lj 

l.f«,  ."ft!.) 

i.es,  37. ( 

Lrtii  X.; 

1.K7  37. J 

i  .m  m  c 

]  .k:i  :i7  .> 

1.90'  38.  C 


43.40 
13.01 
43,  SM 
1401  44.T3i 
I  rm|  44,3a 

^oo'  lijo) 


E^CGINCEKS. 


1  aDie  iNo*  > J3. 
Actual  Exi'kriments. 


A.CT17AL.  EXPERIMENTS.— Given  In  order  that  the 
Lbles  may  be  used  with  Judgment,  when  old  or  "(oul" 
ains  are  under  consideration.     (See  Table  No.  186.) 


Head 
Size:       Length     In  feet 
liam.  in        in         lost  per 
Inches.        feet-       100  feet. 

48  1747.2  0.3205 

48  "  0.709 

48  ••  0.1219 

48  ••  0.1848 

Made  under  direction  of  F.  P.  Stearns.  C. 
•n  cast  iron  conduit  (coal  tar  coated) 


Velocity  by 

obser-     Riders' 

vation.      table, 

In  feet  per  second 

2.62  2.3369 

3.74  3.637 

4.97  4.915 

6.20  6.1885 


Size 
diameter  Length 


o. 


in 
Inches. 


in 

feet. 
20200. 


Head 
in  feet 
lost  per 


Velocity  by 
Obser-     Riders^ 
vation.      table 


Velocity  by 
Riders*  table 
too  small  by 
10.8% 
2.75% 
1.106% 
0.18% 

1885;  Bos- 
three  years  old. 
Velocity 
by  Riders 

Table. 
+  means 
too  great: 
—  means 


B.. 


100  feet,  in  feet  per  second,  too  small. 


L  30 

30 

30 

30 
;.         30 

30 
L  30 

L  30 

K  30 

30 
Experiments 
I.,    Phila.,   187' 


36700. 


0.07608 

0.0625 

0.0689 

0.0953 

0.1017 

0.1081 

0.00277 

0.00631 

0.01108 

0.01385 

0.01662 


2.5 
2.64 
2.79 
2.94 


2.728 
2.854 
2.975 


8.206 

3.316 

0.42 

0.79 

0.95 

1.058 

1.13 


9.12%  f 

8.1  %-r 

6.6  %f 
5.12%  f 

4.08%  f 
2.69%- h 
10.6  %- 

8.2  %-r 
6.5  %  r 
1.2  %  f- 

1.7  %- 


3.23 

0.47 

0.73 

0.892 

L045 

1.16 
No.  1  to  6  inclusive,  by  C.  G.  Darrach,  C. 
(about)  with  cast  iron  coated  pumping 
aaln,  two  years  old.  Blow  measured  by  plunger  di.;- 
lacement;  5%  allowed  for  "slip"  and  1.8  lbs.  per  sq.  in. 
or  4  check  valves. 

Experiments  No.  7  to  11  inclusive,  by  Freeman  C.  Coftln, 
-.  E.,  Taunton,  Mass.,  1895,  with  cast  iron  (coal  tar 
:oated)  pumping  main.  Plow  measured  by  plunger  dls- 
>lacement;  5%  having  been  allowed  for  "slip."  Pipe  in 
fair  condition. 


Size. 

Head 

Velocity  by 

Biarn. 

Length 

in  feet 

Obser- 

Riders' 

Velocity 

in 

in 

lost  per 

vation 

tables. 

by  Riders' 

Inches. 

feet. 

100  feet. 

in  feet 

per  second 

tablo. 

20 

75,000 

0.0729 

2.0 

2.01 

0.5  %  \- 

20 

0.0876 

2.24 

2.224 

0.71%— 

20 

0.1029 

2.36 

2.432 

3.05%-|- 

20 

0.1186 

2.52 

2.642 

4.84%-f 

20 

0.1337 

2.68 

2.816 

5.07%-f- 

20 

0.149 

2.76 

2.99 

8.33%+ 

20 

0.1646 

2.92 

3.159 

\^X%%\ 

20 

0.1797 

3.0 

3.32 

\^.^^%\ 

■f Means  too  STeat    —Means  too  small. 

223 

Table  No.  i35.    (CoBtinued. ) 

The   experlmenta  were   made    by    the   author' a  frieni 
now  dead,  Chas.  B*  Brush,  C.  E.,  1BS7,  with  the  ca^E  1 
pumping  main  (ooaj  lar  coated)  of  the  Hacken^a^'k^  \ 
Water  Comptmy*    The  main  was  laid  alone^slde  ralln 
Jn    streets,    across    eountry^    under   river 9»    etc.,    and 
four  right  angles  {90°)  and  10  quarter  (45''>  bends  of  alM 
30'  radius.    The  pipe  line  had  been  In  u&e  6  years,  but  I 
Interior  was  nearly  cjeaji,  at  least  where  inspected. 
waa    measured   by    Worthlngton    pump    plunger   displict-l 
tiient,  &%  having  been   allowed  for  slip* 

Ten  separate  experiments  hy  the  author^  with  deaf 
16"  cast  iron  conduits,  coal  tar  coaled,  with  lengths 
to  5  miles  and  velocities  up  to  fi'  per  second,  show  I 
observed  to  agree  with  the  discharge  a^  given  In 
table  within  less  than  5%  in  each  instance.  The  follof 
Ing  experiments  are  gWen  to  show  the  necessity  of  i 
applying  the  tables  to  the  discharge  of  **foul"  or  "piPfl 
tiflUy  air  locked"  pipes  without  proper  reduction  factw 
See  "TuT;>ercu]atlon;"  Table  No.  130, 

Velocity  by  Velocity  I 

Obser-     Riders"        by  Kiden*  | 
vat  ion.      tables  table 

in  feet   per  second  too  great  B 

5,25         6.92        ai.ai% 

6.S2  g.45  23.3% 

liM*  17.69  2LH 

The  above   experiments    were   made   by   the   EdlnbMi 

Water  Company   prior  to   1864   with   cast   Iron   main. 

first   experiment  15^    the  Becond   25,   and    the   third  h  f 

servations  were  made. 


Size 

Head 

diameter 

Length 

in  feet 

in 

in 

lost  per 

inches. 

feet. 

100  ft. 

16 

25765 

0.8827 

16 

2&5S0 

1.419 

IE 

asiD 

4.833 

Size: 

Head 

Velocity  by 

Velocltf 
by  Ridert 

taUlfc 
+  maa(is 

diameter  Length 

in  feet 

Obser- 

Riders* 

too  gnat; 

In           In 

lost  per 

vation 

table 

—  tpeaitf 

Inches,      feet. 

lOOft. 

In  feet   per 

second. 

too  small 

;^           5200 

0.0769 

145 

1.45 

Bame 

12 

O.7307 

4.36 

B.OT 

16.55%-^ 

12           S140 

0.067B7 

1.4S 

L352 

47S%- 

13 

0.H74 

IM 

2,  OSS 

10.21%+ 

12 

0.^1 

2.£1 

2,(515 

1S.IH+ 

The  above  experiments  were  made  by  Jam.es  Blmpso"*! 
C.  E.,  prior  to  1855,  with  cast  Iron  main  from  Brliton  t'  | 
Streatham,  The  pipe  line.  5300'  long,  was  about  7  yt^  \ 
old.    The  others  about  4  years  old. 


Slse 

Head 

Velocity  by 

Velodtl 

diameter  Length 

in  feet 

Obser-     Riders' 

by  Bidfi^ 

In            m 

lost  per 

vat  Ion.     tables 

tabW 

6            1170 

1.8Z 

4.7              5.7 

a7% 

e 

4.009 

7.36   ^         Oi 

12.^7* 

e 

5.5S 

S49             9.7 

14.35% 

a 

6.24 

9.2S           1D.32 

ll.«* 

The  above  experiments   were  made  In  1876   by  Edmu^ 
'    Weston.  C.  E.,  of  ProvideTice.  B,.  1,,  TuitYv  ^  6"  caat  lf*J  L 
-^r  coated)  lateral  (4  yeixre  o\d>  tr^m  '<i  ^AT^tV 'ft*^  ^ 
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TabkNo.  J35-  (Continued.) 
V  was  calculated  by  using  co-efflcient  of  discharge 
'iously  determined  by  actual  measurement  of  flo\v 
er  different  pressures.  Under  almost  Identical  condi- 
s,  with  velocities  from  3  to  10  ft.  per  second  In  a  6" 
,  1.5  miles  long  (Florida,  N.  Y.,  Water  Co.,  Joseph  B. 
5r,  C.  E.,  President,  1892),  the  results  obtained  by  tlie 
lor  agreed  within  from  2.5  to  8%  with  the  amounts 
fH  in  the  above  Table.  The  pipe  line  was  new,  coaL 
coated,  and  tare  was  taken  to  give  it  good  alignment 
ng  construction. 

TUBERCULATION. 

is  the  exception,  not  the  rule,  to  find  the  interior  of 
er  pipe  lines  free  from  tuberculation.  The  average 
I  tar  used  to-day  in  pipe  coating-  varnish  is  inferior 
hat  of  25  years  ago,  on  account  of  the  extraction  of 
ay  bi-products  from  it;  this  in  part  accounts  for 
erculation  in  many  recently  laid  mams,  while  okkr 
;s  in  the  same  system  are  free  from  it.  The  dei)tli 
tuberculation  is  generally  from  %"  to  y^"  in  cast 
a,  and  slightly  greater  in  steel  mains  with  sanu' 
iting  and  length  of  service. 

n  calculating  the  discharge  of  old  conduits  it  is  n<.t 
it  to  assume  depth  at  less  than  }^".  When  lines  of 
itribution  system  are  under  consideration,  i"is  not 
)  much  allowance  for  thickness  of  annular  ring  taken 
by  tuberculation,  sediment  and  vegetable  matter ; 
;  then  have 

Tabic  No.  J36. 

20"  reduced  in  capacity  to  that  of  clean  18" 

16" 


12 
10" 


6" 


14 
10" 

8" 
()" 
4" 


4"  reduced  in  area  about  75%  and  its  discharging  eii- 
■city  from  ^  to  %  eds.,  depending  on  conditions. 
Mechanical  appliances  for  scraping  the  interior  of 
pe  lines  are  used  with  some  success.  Desmond  Fitz- 
rald,  C.  E.,  Boston,  increased  capacity  of  48"  conduit 
out  2>o%  by  removing  iS  years  growth  of  tubereuUi- 
n.  Conduits  and  laterals  should  be  flushed  frequent- 
otherwise  deposits  of  sediment,  etc.,  together  with 
)erculation  may  interfere  with  proper  operation  of 
!  system.  In  direct  pumping  systems,  unless  this  is 
le,  more  coal,  other  fuel  or  power  will  be  Te<\m^^^ 
!  is  necessary. 
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TaWe  Now  137. 

N<jTE.  no.  1— The  weights  of  water  pipe  given  in  tU 
work  are  nn  higher  than  some  engineers  would  advise 
but  are  not  too  high,  when  '^water  hammer"  and  otlW 
causes  of  rupture,  are  properly  considered.  "EXTRi 
METAL"  is  always^  a  ^Q€?a  tavi^^tmeiit.  a»d  espeeially  M 
whfci  tt  m  p<3or  or  not  uiiift>rm  in  qaalJty. 

AFPROXIMATi:      WEIGHT      OF      4^^      CAST      IRoi 

WATER  PIPE— LecTjfth^  aveni^e  of  IS  ft.  i  in.    incliidfuj 

Ihells;  to  lay  averaLj*^  *>f  12  feet.  ] 

Thickness  t 


Head 

Presai^re  (ap^roxi' 

WEIGHT  OF  PIPE        1 

Sn 

In  llia^  per    raate> 

in  pi^niids  per 

tn  net  tons  pij 

leet. 

s<l-  i^iich 

In  tmrbes 

length.      fCM»t_ 

lOeofL    milt. 

JM 

IU£ 

LU 

^3&|. 

£14, 

WC,          Iffl. 

m 

m« 

1.S 

8«i». 

72L 

aia.        mn 

^» 

MiXW 

L51 

ggaa. 

32S. 

414.          31^ 

4di> 

ITX^ 

LTl 

jmT. 

^3. 

4f*.         im 

5^) 

21^.73 

L3 

12S^ 

tws. 

sa.       fTSd 

.\J>PRUXIMATE      WEIGHT 

OF      31^ 

CAST      IROl 

WATER  PIPE; 

length,  12'  rr 

icy  lay,  IT, 

Thickness 

Heail 

Pressure  iapproxt- 

WEIGHT  OF  PIPE        1 

in 

in  lb®,  per    mate) 

in  pounds  per    In  net  tons  p?r  | 

fret. 

aq.  Inch. 

In  Inches. 

L'gth 

.      foot.   LOW  feet.    mOt  | 

Jtfl 

43.35 

f^sr 

4131. 

39*. 

19T.          IWt 

3P0 

u.m 

1.U 

^isa 

4m. 

^.       im 

300 

l»M 

Las 

«1S«. 

515. 

258.          13«I, 

«Qa 

11XIS 

L*J 

€S^^. 

sm 

2S8.          1S!L 

500 

216.73 

1.54 

7«fl. 

S3:. 

MS.          l«8t 

APPROXIMATE      WEIGHT 

OF    3<r 

CAST     IBOS 

WATF 

R    PIPF:: 

leneth.  1^  4*^:  to  lai'    12'. 

Table  No, 

APPROXIMATE   WEIGHT   OF    ar    CASjT   IK<JN    WATER 
PIPH    (lenj?th   W  r\   to  lay   W}- 
Thlekneiis 
Pressure  ^approil-  ^'^lOHT  OF  PIPE 

In  tba.  per    mate)      Iti  pounds  per    in  net  tons  per 
sq.  iTjch.  in  inches.  U^lh.     foot.   1.000  feet. 


Head 
In 

feet. 
100 

200 
3U0 

4m 

SOt) 


86.69 

173, 3& 
216.73 


<KT2 
1.04 


ao«F7 

2S0T 
254S 
2790 
30SD 


172 
193 
212 
2^ 
262 


106 

m 

12a 


155 
5DS 
561 

ei4 

667 


pA^PHOXlMAlE  WEIGHT  OF  IS''  CAST  IBON  WATER 

PIPE   (l^ngrth*   ir   4",    to   lay   12'J 

Thickness 

Head    Pressure  iayprojti-  WEIGHT  OF  PIPE 

m       In  Iha.  per    mate)      In  p^njnds  per    in  net  tons  per 

feet.    sq.  Inch,  [n  Indies.   length,     tool.     1<XH>  ft.    mile. 

100  43  J5  O.eS  Iflgg  141  70  371 

2U0  MM  0.75  1S^4  ISC  7$  412 

300     130,04     0.83     20ti0     172     St»     43^ 

4O0     173.58     OM  S&47     187     94     494 

500     216. 7S     0.97     2435     203     JOl     536 

WEIGHT    OF    le-INCH    CAST    IRON 


^ 


APPROXIMATE 

WATER    PIPE   CLeUffth  12'  4",   to  lay  12'K 
TThf  c  k  n  €^bs 
Pressure  (approxl-  WEIGHT  OF  PIPE 

In  lbs.  per    male)      In  pounds  per    In  net  tons  per 
sq.  Inch,  in  inches.  L"e:th.     foot.  1,000  feet.     mile. 


Head 
In 

feet. 
100 

m 

Mi 
40C 

m 


43.35 
&5.69 
130J>4 
173.38 
210.73 


a.G5 
0,71 
0.77 
0,84 
O.SO 


U23 
1569 
1715 
1S61 
3007 


iia 

131 
143 
155 
167 


S5 
71 
78 
84 


31S 
34& 
377 
409 
442 


APPROXIMATE  WEIGHT  OF  12'\CAST  IRON  WATEK 
PIPE  (length  12'  4*\   to  lay  13') 

Thickness  

Pressure  Upproxl-  WEIGHT  OF  PIPE 

in  lbs,  per    mate)       in  pounds  per       In  net  tons  par 
du.  Ineh.  In  inches.  L'gth.     foot.   1,00(>  feet.    mile. 


Head 

In 

feet, 

m 
m 
m 

m 


4135 

1S0:W 

17SJ8 
216,73 


0.57 

0,62 
0.6^ 
O.Tl 
0.76 


1002 
1073 
1165 
1248 


75,66 
S3.5 
89.42 
&7.0S 
104. 


37.83 
41.75 
44,71 
4S.54 
62. 


200. 
220. 
2a6. 
256. 
275. 


APPROXIMATE  WEIGHT  OP  10"  CAST  IRON  WATER 
PIPE  (lensth  12'  4^   to  lay  J^). 
Thickness 


[ftfad  ^Pressure  (approxl- 
lulb^  per    mate> 


W^EIGHTOFPIPE 
in  pounds  per    In  net  tons  per 


Net. 

3q.  inch. 

in  Inches. 

lene^rh. 

foot. 

i.oobft. 

mile. 

m 

43.35 

0.53 

m 

as.B 

2&.3 

!5S. 

m 

gfl,ti9 

0.57' 

760 

63.33 

31,fi6 

167. 

m 

130.04 

0.61 

828 

69. 

34.6 

181 

m 

173.38 

0.65 

SS6 

73.83 

36.92 

195. 

m 

21^73 

OM 

946 

78.83 

^M 

m. 

I^OH  COST  of  PIPE  per  pound  at  any  pT^\ce  pet  tc%Tt 
Sm^as  ton.   Bee   Table  No.   1S3. 
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I**  r  30"  Tee    ..3025  lbs* 

r  %  bend   m"} aOOO  " 

r  M6  b«nd  (2S.5o).,.n35  '* 

r  Sleeve  ..*.........,  «6  " 

r  Flue   , 370  *' 

r  to  3"  Hedilcer....lS86  " 

I*'!  a**"  Tee    2840  ** 

"    ;  20**  Cross    .... 


ORDINARY  SPECIAL.  CASTINGS, 


r  Croaa,  3800-2500  lbs. 

4*  Tee.  1S80    ^■ 

r  Elbow,  1375    ** 

riB*  C^)  bend.  110O-142S    " 
It*  Sleeve,  470-  710    '* 

HTlUE,  ISS    " 


24''  to  2(r  Reducer, 

745  Ibfl. 

24^Vx  2Cr  Cross. 

2020    " 

24'' X   irTee, 

1425    ■• 

34"  %     S**  Tee. 

1S75    " 

21"  X    6"  Tee, 

1325    " 

Z4"  X     6"  Cross. 

1340    " 

P^o 


20"  ORDINARY  SPBCrAL,  CASTINGS. 


rosa   ..„.....,1750^]790lbe, 

'Tee    .1320-1375  " 

Wr%  bend  (W).. W>  " 

aril  bend  <45'^) 740  '^ 

ITT .ISOO-lfiSO  *' 

H^Bleeve   ,...  350-  BOO  ** 

arplug 150-175  ^■ 

BTCap 275-  550  *' 

»"  X  18"  Cross  .1615  *" 

Sr  3C  18*'  Te«   ...1240  *' 

^  to  Ig"  Reducer  ....  570  " 

ir  X  16"  Crosa   .......1485  *" 

HTx  16^  Tee 1160  '* 

IP  to  W  Reducer  530-  700  " 


WCt 


20"  X  la^'CroBS.  1190-ia70  Iba. 

2Cr  X  12"  Tee...     986-1090  " 

2(r  to  12"  R'd'cer  4S&-  540  " 

20"  X  10"  Cross.  1070-1226  *' 

20"  X  10"  Tee....  910-1035  " 

30"  X  8"  Cross...  960-1080  *' 

30"  X  8"  Tee..^..  870-  920  " 

20"  to  S"  Reducer 300  *' 

ao"  X  r  Cross  .,  S7&-1000  " 

20"  X  6"  Tee  ....  7S0-  S75  " 

20"  X  B"  BloW'Off  br.  745  " 

20"  K  6"  Hydrant  br.  770  '* 

20"  X  4"  Cross  . 77E  " 

20"  X  4"  Tee 7^  " 


IS"  ORDINARY  SPHCIAL  CASTINGS. 


CroBS,,. ..1465  lbs, 

18"  Tee UOO  " 

ir  T ....lOSO  " 

18''  &0*   (U)   bend 760  *' 

ir  45'    m>  bend......  730  *' 

ifi"  Sleeve 315  " 

W  CAp...... 240  *■ 

18*  X  16"  Cross ...1350  *' 

18"  to  12"  Reducer 395  " 

18**  to  IS"  Reducer...,  475  '* 

18"  to  10"  Reducer....  360  " 

For   COST   for  FREIGHT   and    CARTAft^,   s^fe  T^XAt 
No.   ISS. 
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IS"  X  IG"   Tee 

...1030  Iba. 

ir  X  12"  Cross..,, 

...106O    " 

ir  X  isr  Tee. 

...  860    ■* 

IS"  X  10^  Cross.... 

...  945    - 

IS"  X  10"  Tee 

..,  790    " 

18"  X    8"  Cross. . . . 

....  845    " 

IB**  X    S"   Tee 

....  130    " 

18"  X    6"  Gross... 

....  760    " 

18"  X    6"  Tee..... 

....  675    " 

IS**  X    4"  Cross... 

....  670    ** 

IS"  X    4"  Tee..... 

....  620    " 

^ai  ill  "fiisa*  J 


M    n.l   I.M    lOM       11  II  i  .(N     I    ■ 


t  I  ii.s  I 


m    miar^wi.^!  M   af.Kiff.tn    n    |    s     nt      4    tm     omi,  ,miq^  i  bm. 


» 


m 


t.e  tM 


ini  HkTCB,  Ddod.  F^rt  CtMnlcr.  K.  V. 

:rr,  r?l.  ftj*,  ^rV. 

Btwiwk?li.  Omn,  RiCn^r  Hill.  X,  T 

piU  CaeiE,  HtMHrnrii,  N.  Y. 

*mk  ^erwilk,  Cfeon.  WkUim.  N.  Y. 

noBHMK,  Gonn.  WaArrtUje, " 

...tw^S.Y.  lurlvaici^ 

lUnllk'^  ?f .  Y.  Onuur.  >.  J, 


Tfafl  u]>(iuo4  [>r  ktavl  ilv^D  f^ir  i.  4,  rt,  lA 
luirb  pLim  iDi'lDdt^i'  krlllni  nf  All    n 

(t^Bii  fur  Uiii  l&nt^f  «lM  Ir^" 
Qi>rB«lrrtkal  i^le  Ot  a^eeLlJ. 

pIp^lpJriBI,  r*TlAg»!,  rrr. 


ICH-lUdM  MtdVf  AM 


»-|p)riBI.  r*TlAg»!,  rir„  ll  l» 
■1  pTh  «t|il  l»»  1*  ft.  It  J^i 
mll.T&fl    E-»li«  fl- 


ic, X.  Y. 


-tDLik    The  coot  ^bowii  kt  I  ti»  •wtw 

dlitofu  Lb  tbr  nlacvt  hfirtQ  «ai]«s*d .    Tl  la  tso 
'iBOall  far  ¥«ry  ^ard  dlolnc  And  tod  Ismt  for 


Wrlc%t«f  ripM. 

7^  wi:Jtth t»  ti  VCD  Jirr  kd  avrPkrr  ^rl^hl 


iliiirtwiiliiit  •'Ud  raBDdlDC  HMlit. 


I     IC>u  imd  CAJku-  la  betwr  Ului  lea  puir  tioM. 

[  Tlijippn^  ffclfcj-J-d  *ft:  mUrt-t  rfimuUili:aJ. 

A  i^it  "Ivail  biir''  Will  uvf,  111  ULBlt3Ta.[QLbf 
[W  (Irv  AC   lilt   rLicbt   l^mpfrvEui-c,  oinrq  Ouui 

Trrt  tnpa4  [Icrrklte  with  I  In,  x  t  la.  Uicb,  with 
pfvadal  pqJlBr-bhx-fe*.  an  idruluwu  Id 
knaf  Id  If  «Dd  M  In.  pJm.  H«KnArd«rrli:1lft 
■iitTlffe>wBtl«l  biwka  ]lmra  Imb  uaed  vllh 
I  iUkfacfUvn  En  Im^nf  Larger  alu^ 


m  l^ar<'»ita«p  li  dsI  bu«d  oia  1 1 

HUt  Q<a  tbe  Bomber  of  pip*  ih 

_  mO)'  CBfrled  DD  «D  omIiuTT  treok. 
ll»Hirai«priM|wbl  for  nLaauii  iaaffibsfr 
«»■  IIJI  mr  d*y .  If  miKC  E]han  tear  trlpa  uv 
9iia  LH  io»  mU«a>  (nr»r  u  ardjxajr  raHi  twih 


iBf  daenaaed  wni  -ptt  Uoaa 


Tha  Ulila -  -  

ttM  Htti  dBpanda,  tali  alpfe  ib«  mltlM  hiT  ita 
l«r«rvDf  iiriiilADiitkili,  >l.  tipi»l  uia  f ni4a  KBid 
ff  ptcvfd  vi»  uH^ ,  Mh  ODfliD  Ih^  ^ wmmnPDl  a]' 
U»wihI  br  ihr  Kd^jbht.  a  fair  AlHtwRBiGfl  nr 
vtjt:\  IB  KAfe-uprmciit  Ej  a*  ffiLlii*  fl!    All  bawUflEa 

l^of  A<u.  id.liiy]  aJI  ■4irB«.t'(lBt,  B 


fbot  rrni.tflrtbi»inl»Beii^o»]  dln^ 

ibeberof  EliftbodTf^r  tbfi»Lp«.Abd  wldib^tcfa* 
lafi,  km  aAB.uiiii«d  I&  b*  lili«>olU^in  wiriih  pint 
Tb^ioa  ar  il3c  d^slh  of  tbc  tr*!!^^.  kd  RocJiinr 
tTlll  MldDin  aSiom  lli»  ConlrutfVT  mufv  roGk 
Til. 


Tba  q.ti«ni«9  aut  tif  rack  eicavattDn  {tniBch 
-'EtrhJ^  fa4>  ^Hcifi)  ■■  rtilJuiWi:  Uracil  a  ar  OBala>, 
ItiLJni  p<T  I'll,.  fA.,  liiDvivraDiB,  it.ixi  }]M-tu.  ydn 
VolcaDir  Ton,  fliiJ  ptr  nrUr  jd.,  Saad  filoDA, 

(UfO  [HT  CI.  TO. 

On  reraat  wort  al  Port  CliPitBr.  V-  V,  uadar 
Ibc  anEHrrialoa  of  J«ai^  S.  RUcr,  {r.  E.,  ttn 
mot  ter  flxplHlraK  Id  cat  ATnUng  ItW*  <;n-  jAm, 
ut  Tock  Id  ItvdpIvbb.  (anravo  ilpptb  T  rt,^  wm 
Drarlf  So  CMifiEa  per  CioMc  yard. 


rdJu.Eo  Act  ef  OvDVPHa  Id  rh«  rnr  IWI,  Irr  Wiixi^ii  .Fl  nii>i)i.  t\  &.,  io  tteoflhsflf 
tti*Tibrariui  of  Coi«r«ai,  WaabI vtou,  D^  C,  AU  r1<hta  reMirT«df 

Average  cost  lor  labor,  lumbt^r,  fuel.  etc..  chargeable 
to  pipe  laying:  has  been  $15.75  P^r  clay,  and  average 
days  work  to  nearest  M]  length,  for  the  gang  has  been, 

13  lengths  of  MV    "  \m* 

tl         ''  *'  3(V^    "  IrtH' 

T  M  >.     j,^.,       *.        ^' 

r,      -       -  t^v  "   ';^ 


.%^i 

engths 

of 

si 

4" 
tl" 

10" 

or 

3<t4 

ar 

" 

** 

J  3^' 

;,VI 

ELECTROLYTE. 

*  Electric  curreuu  escape  fnim  the    rettirn  ©yndtit? 
(rails  and  \vire)as  laid  ou  or  near  the  surface  <*f  streets  and 
highways  by  most  tracttoii  Hcampanies,     The  numepiu*J 
gas  and  water  mains,  cables,  etg.,  beneath  the  str««ts»  i 
form  separate,  generally,  net  works  of  un -insulated  coo*^ 
doctors  in  contact  with  the  earth  and  any  current  esc^iM 
ing  from  a  conductor  because  it   is   too  small  or  tMtXi 
too  great  resistance  and  flowing  from  it  to  the  earth  i 
be  at  least  partly  carried  by  them.       At  the  sttrface  i 
contact  between  the  pipe  and  the  earth,  where  the  im 
rent  escaping  from   the    rail   or  other  conductor  enten 
the  pipe,  no  harm  is  done,  but  at  every  point  where  1 
current  leavesi  the  pipe^  natural  corrosion  will  be  ao 
erated  by  an  amour  t  proportional  to  the  magnitud 
the  current  leaving  the  pipe  line. 

The  activity  of  the  distruction  will  depend  !*onietv'| 
on  the  moisture  in  the  soil,  but  in  no  case  is  it  absefl 

Because  of  the  metallic  joints,  certain  old  gas 
offer  somewhat  less  resistance   to  flow  of  current  1 
the  commoa  lead  or  cement  joint.     The   hen^p   paci( 
of  the  lead  joint  is  a  barrier  and  the  current  leavet-l 
pipe  line  near  the  joint.s,  passing  around  and   return 
just  beyond  them  forming  arcs  as  in  the  electric  lig 
At  each  joint,  at  '*dead  ends/'  at  and    near   power  ; 
tioizs  and  at  other  points  where  the  current  has  follows 
the  pipe  Itne  until  meeting  considerable  resistance, 
leaves  the  line,  electrolytic  action  taking  place,  dan 
ing  if  not  destroying  the  pipe. 

Fig.  33  is  selected  from  a  collection  of  nearly  one  I 
dred  similar  photographs  in  the  author's  possession 
showing  plainly  the  "graphite  holes"  in  a  water  |>3^ 
line  caused  by  escape  of  electric  current.     It  will  be  i 
ticed  that  the  major  portion  of  them  are  tow  ard  one  eiidfl 
of  the   pipe,  showing  plainly   that  the  eurren»:  jiassttl 
,     around  a  joint  as  above  mentioned. 

^B^The  pipe  shown  was  laid  new  July  21,  1S99,  and 

^^oved    August  S,    1900,   at    Reading,    Pa.     (Emil 

Nuebling,  C,  E.,  Bupt.  of  Water  Works).     Voltmel 

reatlings   as    high    as   42  voks   ^^ere  recorded   in  iJ 

"Hydrant  and  Rail  Survey,"  atxd  m  a:\^\-v\\V5  '^  "^ 

shown  by  Fij^.  33  from  4  to  ^%  v6\U. 
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fc                  ■ 

>n  of  the  year,  or  where  bonding  has  deteriorated 
ency.     Nothing  is  so  destructive  of  good  bond- 

'wheel  hammer" ;  good  track  alignment,  heavy 

best  foundation,  and  round  wheels  will  reduce 
a  minimum.  f 

survey  should  locate  p)oorly  bonded  sections  of 
ad  other  points  of  escape  from  track,  cable  con- 
pipe  line.  Repairs  should  be  made  at  once,  and 
nt  still  escapes,  return  track  feeders  and  cross 
)etw  een  rails  should  be  properly  provided. 
)ns  of  dollars  are  invested  in  pipe  lines,  etc., 
s  but  equitable  that  damage  done  to  them  by 
n  companies  should  be  promptly  made  good, 
n  franchises  should  not  be  granted  unless  ample 

given  to. repair  forthwith  damage  attributable 
pe  of  electric  current.     When  such  bond   is  re. 

the  double  trolley  system  will  probably  be 
\.  It  is  the  only  method  so  far  in  practical  use 
solutely  insures  proper  protection  to  private  and 
metallic  structures.  In  the  absence  of  such  a 
.  the  best  that  ciin  be  done  is  to  insist  on  electric 
ction  that  will  reduce  escape  to  a  minimum, 
terest  on  the  extra  cost  of  such  construction,  or 
le  double  trolley  system,  is  less  than  the  extra 
fuel,  etc.,  necessary  to  operate  an  electric  road 
light  rails,  poor  bonding,  etc.  The  average 
:ost  to  operate  the  poorly  equipped  road  beini; 
me-third  greater  per  car  mile. 
Relative  to  Table  No.  140. 

discharge  of  a  compound  conduit  can  be  compii- 
Westons  or  other  complicated  formula.  Its  use 
;s  from  10  minutes  to  an  hour  or  more  of  time,  de- 
g  on  the  number  of  sections  to  conduit  and 
les  from  it,  while  to  insure  accuracy  of  eomputa- 
ae  must  be  free  of  "rust."  By  use  of  Table  Xo. 
aking  one  less  multiplication  than  there  are  sec- 
f  the  line,  a  glance  at  the  proper  preceding  table 
charge,  the  discharge  of  the  compound  line  is 
The  example  given  on  page  237  explains  the 
ition  of  the  table  to  the  ordinary  problem  of  prac- 
It  is  self-evident  that  the  proper  use  of  the  table 
ver  cases  of  two  or  more  parallel  compound  lines 
rg^ng  into  one  or  more  laterals,  which  in  turn  dis- 
!  at  different  iocations  in  a  pipe  system. 
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Example,  showing  application  of  Table  No.  140. 

Required,  rate  of  consumption  of  a  city,  supplied  by 
gravity  from  a  reservoir,  having  given  the  followin^^ 
data. 

Gates  in  laterals  closed  so  that  the  supply  is  passing 
through  the  following  pipe  lines  in  succession,  all  l)e- 
low  hydraulic  grade.     *See  page  240. 

20"  to  16"  reducer,  (neglected  in  calculation.) 

15000'  of  16"  from  reserC'oir  to  12"  reducer. 

5000'  of  12"  from  end  of  16"  to  10"  reducer. 

3000'  of  10"  from  end  of  12"  to  8"  reducer. 

1000'  of  8"  from  end  of  10"  to  opposite  hydrant,  where 
pressure  of  70  lbs.  is  noted  during  the  test;  the  nozzle 
of  hydrant  being  225' lower  than  water  in  reservoir,  and 
there  being  no  serious  obstruction  at  Intake  Chamber, 
and  combined  line  free  from  tuberculation,  air  locks,  ete. 

By  the  table  we  can  reduce  each  portion  of  the  line 
to  its  equivalent  length  of  any  other  size,  but,  as  a  rule, 
it  is  best  and  easier  to  reduce  all  to  the  largest  size  ot 
pipe  making  up  the  combination  line.  Reduein^  all 
to  16"  line,  we  have  from  the  table: 

1 5000'  of  16"  = 1 5000'  of  16' 

5000'  of  12"  =  5000  X  4.03  = 20150'  of  \C)" 

3000'  of  10"  =  3000  X  9.7  = 29100'  of  15 

1000'  of  8"  =  1000  X  28.8  = 28800'  of  \(>" 

Head  lost  in  compound  conduit  same  as  in  93050'  of  i(. 

From  Table  No.  141  we  have  70  lbs.  pressure  -.  I'j 
head  nearly.  Subtract  this  from  the  total  head  (italic » 
225  we  have  63'  as  the  friction  head  lost  in  disehar^iii^ 
the  water  through  the  compound  conduit.  Our  e(iui\  a- 
lent  16"  line  will  be  93050'  long  and  loosing  63'  head  01 
o.o67'7'  per  100'. 

Looking  at  Table  No.  126  we  find  this  loss  of  liead  in 
second  column,  between  1.6  and  1.7  ft.  veloeity  ])ci 
second.  To  allow  for  contingencies,  we  take  the  next 
•  lowest  or  1.6  ft.  per  second,  and  find  the  disci laii^e 
given  opposite  to  be  2.233  cubic  ft.  second,  1003  ^al. 
mimite,  60159  gal.  hour,  1,443,818  gal.  day,  or  111.69 
California  miners'  inches. 

If  the  several  sections  of   the  pipe  line  are  not  free 
from    air,    tuberculation   or  other    obstruction;    allow 
proper  safety  factor,  based  on  the  actual  expeTm\Gwl"a^ 
data  relative  to  tuberculation,  etc.,  before  gwetv. 
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Table  No.  )42. 

Capacity   of   Service  Pipes  in  Gai.i.< 
PER  Minute. 

DIAMl^TER  OF  SERVICE   PIPE  IN   INCHES 
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Example:  Given — il4"  service  pipe,  50'  long.  Re- 
quired discharge  under  250'  head. 

Here  the  length  50  -^  250  =  0.2  X  the  head.  ()]>- 
posite  0.2  in  the  first  column,  and  under  jja"  pipe,  tind 
218  gallons  per  minute,  the  discharge  required.  It'  the 
quotient  of  length -f- by  head  is  not  given  exactly  in 
first  column,  it  is  well  to  take  the  next  lowest  nunil)cr 
in  order  to  provide  for  angles  or  other  obstriK  tion  to 
flow. 

Table  No,  J43, 
Table  for  E^^ualizinc;  Pipes. 


Size  of 
service 
pipe  in 
inches 


number  of  hkanchjs 
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See  note  next  page. 
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It  is  quite  time  that  certain  people  realized  the  fact  that 
Xoo  per  cent,  is  all  there  is  in  anything  and  that  some 
purchasers  and  engineers  know  it  While  without 
question  certain  auxiliary  apparatus  is  necessary  and 
beneficial  and  that  some  properly  designed  modern 
steam  plants  are  very  economical  in  operation,  others 
fcre  so  complicated  with  **steam  savers"  etc.,  that  they 
are  far  less  efficient  than  many  old  fashioned  plants. 
The  engineer's  unbiased  judgment  must  be  used  in 
lesigning  if  appurtenances  intended  to  assist  the 
wiler,  engine  or  pump  are  not  to  be  an  actual  load  for 
hem. 

Heat: — Is  measured  by  the  change  in  temperature  it 
•reduces  in  any  substance. 

In  the  U.  S.,  the  B.  T.  U.  (British  Thermal  Unit) 
;  the  unit  of  measure  and  is  the  quantity  of  heat  nec- 
5sar>'  to  raise  the  temperature  of  one  commercial 
ound  of  water  from  62°  to  63^  Fahr.  In  France  the 
eat  unit  is  called  the  Calorie  and  is  the  quantity  of  heal 
ecessary  to  raise  one  kilogram  of  water  i'^  centigrade 
t  or  about  a  temperature  of  4'^  centigrade. 

I  B.  T.  U.=  0.252  Calorie. 
I  Calorie   =  3.96S  B.  T.  U. 

Thermometkrs. — In  Russia,  Sweden,  Turkey,  Kj^v])! 
nd  certain  other  countries,  the  Reaumur  scale  is  used. 
The  scales  (thermometers)  compare  as  follows: 

FAHRENHEIT.      CKN'I  lORADE.      KKAIMI   R. 

VIelting  point  of  ice,  32.^  o.  o. 

Boiling  point  of  water  (a)2 1 2.0  100.^  80. 

(a)  Boiling  point  of  water  at  atmospheric  pressure  of 
14.7  pounds  per  sq.  in. 
At     7.7  lbs. pressure  per  sq. in.  water  boils  at  160    Falir. 

"       14.7     *'  "  "  '-  "  -         '•    2T2 

'*    24.7    '•  ♦'  -       -        ' 239 

"  114.7    **  *'  "        '        "  "      "  33S  ■       " 

I  cleg.  *Fahr.  =  5  deg.  fCenti.  =:  ^  deg.  +Rea. 

I  deg.  Centi.  =  ^^  deg.  Fahr.  =  J!  deg.  Rea. 

I  deg.  Rea.  =  ^  deg.  Fahr.  =  1  deg.  Ccnti. 

Temp.Fahr.  =  gXtemp.C.^-32  deg.  =';  temp.R-  .    32  . 

Temp. Centi.  =  3  (temp.F.— 32  deg.)=;  temp.  R. 

Temp.  Rea.  =  i  temp.  Centi.  =;•,  temp.(F.— 32   .) 

*  Means  Fahrenheit. 
T  Means  Centigrade. 

*  Means  Reaumur. 
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Table  No.  J45- 

DUCTioN  Table.     French  to  U.S.  and  British 

Equivalents. 

;li  Mechanical  Equivalent )  3  poot-Pouncls. 
ilogram-Meters  J  '^ 

Kilogram-Meters   i  Joule  =  778  Foot-Pounds. 

[Calorie  per  sq.  meter       . .  .0.369  B.  T.  U.  per  sq.ft. 

I. 

*'    Kilogram 1.8  "  "    lt». 

)     ''  **  "         t-  '*  "    " 

Tabic  No.  J46* 

TaULE  of  E(^riVALKNTS. 

JV'T,V  ^  Foot-Pounds.  Watts.*         Horse-Power, 

it  unit.) 

778.  17.59  .(mn 

.0012-C>  1.  .0220  .UUXWiW 

.0.>f8  44.2:i  1.  .()()13*} 

.41  33000.  746.  1. 

oMKUSTioN. — Is  a  chemical  combination  of  the  coni- 
tible  parts  of  a  fuel,  chiefly  carbon  and  hydroi^cn 
1  the  oxygen  of  the  air. 

ure  Air  is  a  mechanical,  not  chemical,  mixture  of 
)arts  by  weight  of  oxygen  and 

**        *•         •'       •'  nitrogen  or 
3arts  by  volume  of  oxygen  and 

"        •♦         '*        •'  nitrogen. 

Vith  barometer  at  30"  and  temp,  of  60  Fahr.  one 
md  of  air  occupies  a  space  of  13.06  cu.  ft.  Tiidcr 
istant  pressure  it  and  other  elastic  Huids  expand 
len  heated  and  the  volume  varies  uniformly  with  tlie 
nperature.  Other  conditions  being  the  same,  the 
>lumes  of  equal  weights  of  elastic  fluids  are  pro- 
rtional  to  their  specific  gravities.  At  "absokite  zero" 
>2C  below  the  freezing  point  of  water  on  tlie  Fahr., 
ale,or  460*^  below  zero  of  the  same  scale;  a  volume  of 
r  occupying  460  cu. ft. at  zero  would  occupy  but  1  en.  ft. 
Qdf  r  same  pressure  at  absolute  zero ;  therefore  a  vol- 
meof  air  is  proportional  to  its  absolute  temperature 
r  temp.  Fahr.  scale  -\-  460  degrees.  Its  vokime  will 
Iso  vary  inversely  as  the  pressure. 

*  Watf^Electric  Unit==l  Ainphere  X  1  Volt. 
746  Watts=l  Horse  Power. 
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To  admit  double  the  quanity  of  air,  reduces  this 
amount  to  8i  per  cent.  +.  It  is  evident  therefore  tliat 
the  maximum  value  of  a  fuel  is  obtained  when  I  lie 
excess  of  air  admitted  is  a  minimum. 

Any  arrangement  of  boiler  and  appurtenances  that 
tends  to  reduce  temperature  of  gases  esca])ing  to 
chimney  to  a  minimum  or  to  as  near  the  temperature  of 
the  boiler  as  possible  is  beneficial,  provided  tlie  lieat 
units  are  absorbed  directly  by  the  water  in  or  to  l)e 
used  in  the  boiler. 

In  the  following  formulae  which  will  be  found  con- 
venient, letter  C  =  Carbon  in  per  cent.  H  =  Ilythoj^en 
in  per  cent.  O  =  Oxygen  in  per  cent,  of  weij^^lit  ot 
fuel. 

Heats  units  due  to  ^'''^ l^U^^^^:^'- 

^""^cZbSle'      =        not^letennined,    ui'c.    - 

Amount  of  air  at  62"" 
Fahr.  required  to       =     [(3  H.  -f  C.)  —  0.4  ()|  152. 
burn  1  tt».  fuel. 
Weight  of  product  of 
combustion  i  tt).of      =    0.358  H.  -+-  0.126  C. 
fuel 


=     5.52  H.  -|-  1.52  C 


Volmue  of  product 

of  combustion  of 

I  tti.of  fuel  at, 

60  ■■  Fahr.) 

Volume   at  any  at  Other  temperature  -    4')i 

any  other  tern-        = ■   'ai 

perature  523 

Evaporative  power 
at  212-    Fahr.  of      =    (4.28  H.  +  C.)o.i5. 
I  It),  of  fuel 

Bituminous  Coal. — Broken  loose  weighs  47  t<.  --' 
pounds  percu.  ft.  Moderately  packed  51  to  56  i^nniui-,. 
Heaped  bushel  weighs  70  to  78  pounds.  Tc>n  ocLniv\> 
space  of  43  to  48  cu.  ft. 

In  Penn.  76  pounds  of  bituminous  coal  make  a  In.slicl. 
In   Indiana   70   pounds  of  bituminous   coal    make   a 
bushel. 

In    Illinois,    Kentucky     and     Missouri,     So     pounds 
Bituminous  coal  makes  a  bushel. 
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A:. "ill.. I  :'•■!  C  '■-■i..  Alarke:  sizr^.  'KHttat  wffiglissjtD 
?'  -.H.uuci^  zi'j'  ■-■:.  n  Moderuie:_v  packed.  5^1  to  60 
1)m::ijl;-  H*;ii3)rL  nusiivl.  ii»i»st.,  "•  ic»  -3  jxniiid?.  Gross 
-••:.  ■•jj;::^!'j--  -:uu't  'i-  jr  Ti   .;-  i-r..  ft. 

v.':-:.  -j::: ...-•-:.  -..  ::it  ar  anf:  veuibrT.  Ltial  rapidly 
ci*j:z.T:'»ru:v>  ::  '•.iiiit.  ar  i..  -ii'_-l.  it  i-iTj-Jtr^^ief- slovcom- 
'nisii  »:.  L''v:it— :*:::: L  hta:  r"f ci uenij y  :'»  a  cangeroos 
t^xir*::*.  ---  y^^.:-  ^  t.x:ii'su7t  1:1: tie:  :*;v(»rfabjc  wsditiofls 
wil.  :r-  i.ii.jt  ..  .■'*•^  ■>:  rf  Ti-  51-  :»t'r  Lt'rii.:i:  bca::-g  value. 

-::  •     .ii  :>  ■!::■  .^  :rjr   ii£:i::»fL;  "nnrMht-l.     '  'nr  to^  '.'f  coal 

TaUe  Nd.  14E. 
H:-.'   \      .^:   Evj-  '1l.-\t:\"..  P   xM.i.  ■.  I  C"Ai. 


-  -     =  -  ^  ^■ 


"ri.    it:*?".        =*.       i:5?a 


f  ■'  *:"■.. 


:::.:<. 

•ir^. 

liiC 

{'.> 

::7'k' 

lil2 

]'•*•: 

]".:: 

::.4: 

lis->. 

las 

i-.": 

::??.• 

'l.M 

:swf. 

ii"^; 

3.S7'.>' 

:4.> 

■y..v; 

ia«ti 

v*.TTi 

137:^*1 

lii: 

:.»»!^ 

]i> 

1-J.Mj 

:4'M' 

]4> 

13H4 

li*: 

i3i'e5 

i:i4i« 

ii:^ 

lilS 

13.V3 

14.IM 

i:%.i»4 

irWHl* 

13.5*'i 

U'.*V» 

!;»■' 

i:l"4 

ISltu 

i:i«S 

ll?*i3 

liS 

y.TTh 

13»3 

11S3 

13S1« 

liTS 

13Sr4 

IS.'a 

13.  ,55 

14AXI 

14.17 

2A^> 


Tabk  No.  J48*    (Continued.) 
Avera<;e  Analysis. 


Kind  of  Coal. 


Fixed 
Carbon. 

cent. 


'^";Pj"'-!.Uh  per 


Moii>. 

ture  per 

cen». 


Volatile 

Matter 

per 

cent. 


Anthracite, 
Bituminous, 
s,  Oood, 

A  verage, 
Virginia, 


I 


78.40 
HO.l 
.54.« 
43.8 
77. 0 


0.0 

0.84 

1.78 

U.2«J 


18.3 
6.4 
88 

12.8 


2. 

1.7 
6.4 
».9 
O.KS 


6.4 

81.8 

ao.(( 
:)8.4 

18.4 


)on. — When  "dry"  as  the  term  is  generally  used 
contains  about  15  to  30  per  cent,  moisture.  For 
Qg  purposes  one  pound  of  either  of  these  woods  is 
etically  =^  to  a  pound  of  any  other  wood  in  the 
ving  table. 

Table  No,  J49. 
Comparative  Value  of  Wood  and  Coal. 


as   a  fuel. 


'hord  of 
trage 

ech, 

ack  Oak, 

Weighs 
3250  lbs. 

= 

Pounds  of 
Average  Coal 

1450 

lestnut, 
.m, 

2350  - 

= 

1050 

ickory, 
aple,  hard, 

4500  " 

= 

2000 

ne, 

^pular, 
ed  Oak. 
'hite  Oak, 

2000  *' 
2350  '♦ 
3250  ♦♦ 
3850  '♦ 

= 

900 
1050 
1450 
1700 

deep  fire  must  be  carried  under  boiler  with  wood 

etroleum. — Hydrocarbon  liquid,    specific    gravity 

±.     Heating  power,  2o,400dz  B.  T.  U.  per  pound  of 

oleum.    Evaporative  power  2izb  pounds  water  from 

at  212°  Fahr.     Crude  petroleum  weighs  about  55 

nds  per  cu.    ft.  or  7.35   lbs.    per  gallon.      Naptha 

?hs  about   53   pounds  per  cu.  ft.    or  7.09  lbs.  per 

3n.     Petroleum  Oils,   are  obtained  from  petroleum 

distillation    and    are    compounds    of    carbon    and 

rogen  varying  from  C^,  H84  to  C;,.^  H„4. 

)ecific  Gravity  0.63  to  0.79. 

eating  power,  26,000  to  28,000  rb  B.T.U.per  pound 

il. 

•^aporative  power,  28±:  to  29  =b  pounds  water  trom 

at  2120  Fahr. 
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TaUe  No.  ISU 
Wrought  Iron  Welded  Pipe. 
:nsions.  Weights,  Areas,  etc.,  of  Standard  Si/.ks 
FOR  Water,  Steam,  Gas,  Oil,  etc. 


rSr^Si 

Itrrsu 

■^Er* 

■sr- 

■^■' 

^ 

■35 

Eiic^i^. 

Iniihei. 

F«t- 

fiich«. 

1iie1« 

^Hl; 

Ub*, 

Lbi 

.m 

i-Sfia 

B-« 

.BH 

m 

aoo- 

« 

■r 

;B 

OH 

.M 

1  twi 

T.oni 

.IM 

19 

liRf 

.« 

«n 

.«=■ 

X^tl 

tnr 

.1P1 

.M 

™  4 

fefl 

JS 

'    .mr 

.*4 

3  flea 

Mt 

.m 

IH 

CH4 

.M 

.OB 

I.CCi 

9  MB 

%m 

do 

•n 

«& 

1  n 

,1*0 

1-31 

4   lU 

»«» 

.*w 

1  Mir 

KBf 

j.« 

.w 

« 

A -215 

1  Kn 

].4H 

t  lAt 

«a 

9» 

■r 

» 

ft  M 

it  {31 

tm 

>■» 

»« 

IW 

14 

,«»i 

m 

S  37 

7  +)] 

■  HI 

lat 

4flD 

AH 

l«l 

JH 

1  JH 

m 

Dim 

SA 

i.Tfil 

E.4Sf 

JO  tl 

17T 

.Mt 

■.!]■ 

:     & 

10  «» 

001 

T.JSfi 

p.eii 

]ll  <! 

164 

.tm 

■  MB 

1?  HB 

9sa 

B«n 

1?  »Ht 

li.M 

»  A 

.«■ 

4  m 

'ft 

M    m 

-*N9 

ii.TX 

1$  B(b| 

1     il 

]fl.Tl 

:B 

B«B 

Iti  iTfl 

«» 

nm 

9.m 

11  « 

•  Ifti 

1  :s6 

17  +7& 

lAMD 

W  J» 

.m 

iijii 

3 

!?2 

a  C2 

W.RII 

SW 

lasH 

»  471 

■IDi 

IBW 

11 .111 

T.AS 

CltiH 

«0 

ai.m 

«i^ 

.7? 

10-41 

wtm 

-JV 

tr.owi  , 

4U 

sum 

B«  dB 

t.tt 

MM 

SSi 

H.TIW 

9  m    , 

30-4^ 

.•H 

taea 

TITIB 

IS 

HW 

rr.tn 

on 

ta.Tm 

.W 

7sm 

«QTK 

» 

4dw 

w 

u.va 

•er  of  threads— 1  to  82  on  each  side.  1 J^  in.  and  below  jfen  - 
)roved.  to  300  lbs.  per  sq.  in.  hydraulic  pressure.  1}4  in- 
•i^-er  generally,  proved  to  500  Ib.s.  per  sq.  in.  hvdrauliv 
•e.  11 ".  45  lbs.,  8  threads;  12",  49  lbs.,  8  threads  'are  als.. 
The  above  standards  and  any  special  size  can  be  obtaint"! 
galvanized  or  asphalted. 
%s;   Ten  I  NO  is  generallv  27  threads  per  inch. 

Table  No.  J52. 
'Wroxsshi  Iron  Pipe  Measurements 

Taper  ^-inch  to  one  foot. 


.jT-.e   o£  1 

Size  of 

Outside  of 

Length    of  Number  of 

Pipe. 

Tapping. 

Thread. 

Thread.    |  Threads. 

i 

li 

il 

■A-       1       2T 

i 

u 

U 

J         1       18 

1 

n 

n 

iV     '      i« 

i 

n 

n 

i         1       1^ 

a. 

4 

IS 

llV 

A     i      14 

1 

lA 

11  i 

S       1      Hi 

H 

m 

li 

n    1    lu 

n 

m 

Its 

U          Hi 

2 

2A 

21 

■i 

llj 

2i 

21 

2i 

1 

8 

8 

3i 

3A 

1 

8 

3i 

8J 

4iV 

ll',T 

8 

4 

4i 

4A 

U 

8 

4i 

4J 

5iV 

li 

8 

5 

h\ 

5J 

u 

8 

6 

6r". 

6} 

u 

8 

7 

7; 

714 

li 

8 

8 

8i 

811 

u 

8 

JO       1 

mi 

K"'!? 

u 

\      *_- 
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-am 


Static 
Bd.    Sec. 


;»:a<^ 


100    \^\r  '^    '^  io*-'^  A,  7  lbs. 


:iM 


S^ 


15 


TaMeNo.J53.    (Continued.) 
Size,  and  Weisrht    Static  Size,  and  Weijs'ht 

per  foot.  .Hd.      Sec.  per  f«x>t. 

1  inch  A,  4  lbs. 
1  inch  AA,  4%  lbs. 
1  inch  AAA,  6  lbs. 


^>;ya 


-.i:^ 


175 


m  ^^M  ^H  inch  A  A,  f  1.2  11)8. 

S^^J>^'  2  inch  Waste,  3  11  )s. 

25   ^^^  2inchD, -1  lbs. 

50   ^•^^'iZA  ''^  ^^^^^  ^'  ^  '^**- 

V4  inch  K,  2  lbs.         75   ^^  ^  in^h  K,  «  lbs. 
lKinchD,2Hlbs. 

IK  inch  C,  3  lbs. 
IJ^inchB,  31bs.lloz 
KinchA.41bs.llozpOO    ^^     Sin.  AAA.101bs.ll 

IK  inch  A  A,  5K  lbs.         Tj^JT     2M  inch  Wastc-llhs. 
M"-!*     H^  inch  Waste.C  H^s. 

IKin.  AAA,  6K  lbs.   «|   T^s      2^    inch,    3-l«;    inch 
"    tiCo:^  thick.Tlbt?.  l.So/. 

1J4  inch  E,  2  lbs. 
IJ^inchD,  31bs. 
IK  inch  D,  3K  lbs. 
IK  inch  C,  414  lbs. 
IK  inch  B,  5  lbs. 
IH  inch  A.  6K  lbs. 


sa 


i>:     IK  inch  AA,  7  lbs. 


M 


319  ^•;":V%.'?     1%  inch  AAA,  8  lbs. 


75^^^    l^in.  D,31bs.l0oz. 
^W  ^f^k?     1^  inch  C,  4  lbs. 
1^  inch  B,  5  lbs. 

'^^    i^Ji^     ^H inchAjnhs.Tor. 
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IM    •/.■>.-;••■  52K  in.,  K  in.  thick, 
**~     -C'^Vj:  10  lbs.  10  07. 

IM    ^^^7:;  18  lbs.  10(./.. 

>00    ■>?<t.:>'  '^A  !"•'  ^8  in.    tliick, 

Vir:^'       i<'>i>^^-  n  '»-• 

rJA^ff  3  inch  Waste, :^'.  11)>-. 

^•;^'  3  inch  Wa st e,  a  \]^. 

7R    ^??^  5^  in.,  8-l«;  in.  tliick. 
^     ^^        iUbs.  4oz. 

inn     'j^'x'Vi-^'  '^    i"-'    /^   in.    thick, 
iil^        12  lbs.  9  oz. 


^^®     J^'^sS'i    '^  in.,  5-10  in.  thick, 


150     >^^    3  in.,  H   in.    thick. 


\  aDJc  no* 

Lrau  Piik  Tahik 

Giving  thti  actual  thickness  and   weii^ht  p«T  linei 

foot  of  all  commonly  used  sixes  and  weightt*  of  pipt*  I* 

gether  with  the  maximum  static  head  m  feet  that  ead 

will  resist  under  average  conditions  in  practice,  withod 

rupture.  , 

Copyright,  Mm,  by  Joseph  R  Rider.  C.  E. 

Static  Size,  and  Weijifbt    Static 

Hd.      Sec.  per  foot  Hd.      Sec. 


BiKS,  and  ^VeigJlt 
per  ifuii. 


300  ^^  14  inch.  ^  OK. 

250  -^^  ?^  inch  E,  5  fiz- 

lOtt  "^^  ^  inch  D,  :  uz. 

150  "5^?  -HiDL'h,  10o2. 

200  ^^^  >ft  inch  C»  14  oz. 


^ 


250  13^  ^iTichBJ  lb. 

3D0  "^^^  >^  incli  A,  1  lb.  *I  oz, 

iM  '^v3  M  in.  A  A,  lib.  5  nz. 

fiflO  v^^  }iin.AAA,nb4207 


\m  t^^  M6inch,fiV&oa. 

100  'S^  J^  iacb  D,  0  oz. 

15D   ^^5  J^inchD.  lOoz. 

200   ^i^  ^  inch  Dja  Oil. 


£SD  ^jh^^'  ^  mch  CM  lb,  701 
300     pVj?     5-^  inch  Bt  :i  IbE. 

3S0  t^OS  ^«  ^"^^^  A,  2  liis^i' 
400  ^^  H  inch  AA,  'i^  lb 
500      <v;^    ^iinch  AAA,JS4U 

100 

150 
ZOO 

m 

^y:,:0     3i- inch  A,  311m. 


K  inch  E,  1  IbL 
K  inch  D,  1  tt).  S 
T   %  inch  C,  1  Ibuia 

^^■^    f^  inch  B,  ^  Ib'i.Sfl 


"lKHv     ^*  inch  AA,  a^'ii  Ife 


WATER  METERS. 

The  American  people  will  waste  water;  no  am<»iiiit 
of  pleading  with  them,  notices  of  *'  short  supply,"  etc., 
permanently  reduce  the  per  capita  consumption.  ( )ur 
water-sheds  are  fast  being  depleted  of  forests,  and  we 
cannot  rely  on  them  for  much  more  than  one-half  tlie 
water  they  once  would  furnish  per  sq.  mile,  when  grow- 
ing crops  take  the  place  of  the  forests.  The  day  has 
arrived  for  many,  and  will  soon  arrive  for  all  munici- 
palities, when  it  will  be  impossible  to  provide  for  other 
than  legitimate  use  of  water.  Every  water-works  man, 
not  tied  by  political  or  other  bonds  that  in  a  measure 
compel  him  to  say  little,  is  or  ought  to  be  in  favor  of  a 
METER  SYSTEM,  kuowiug  it  to  be  a  necessary  adjunct  to 
every  water-works  that  is  to  be  operated  for  minimum 
expense. 

Meters  do  not  prevent  legitimate  use,  but  do  exert  a 
restraining  influence  over  waste  of  water. 
I     25  small  drops  per  minute  =  i  gallon  per  day. 

800  small  drops  per  minute  =  i  barrel  per  day,  or 
sufficient  for  all  ordinary  requirements  of  an  avera^^e 
family. 

It  is  the  aggregate  of  such  small  leaks  fully  as  rmu  h 
as  those  more  noticeable,  that  can  make  the  meter  "  .i;'» 
round  '*  and  create  "short  supply."  Where  meters  art- 
used  such  small  leaks  are  stopped  as  soon  as  noticid. 
Where  meters  are  not  used  it  will  pay  any  deparim'.-n: 
to  inspect  all  fixtures  frequently  and  place  at  cxiiLii^r 
of  department  new  washers  where  required. 

Washers  are  cheaper  than  postage,  while  notitirat.i'>n 
by  mail  does  not  insure  stopping  the  leak.  The  afl\  nni- 
ageof  meters  is  best  shown  by  example,  two  eom]).'iral)]e 
ones  are  taken;  No.  r  is  from  the  author's  i)raeti\e. 
City  Xo.  I  population,  8.000,  2^  miles  from  City  No.  2. 
with  same  population.  Industrial  and  other  uses  ui 
water  same  in  both  places.  Xo.  i  sui)plied  bypunipinj^- 
from  two  shallow  wells  fed  from  no  other  source  than 
adjacent  1.25  sq.  mile^of  steej)  rocky  water-shed,  drain- 
ing into  30  acres  of  sandy  soil.  90  per  cent,  of  services 
metered,  per  capita  consumption,  50  gallons  per  day. 
with  no  fear  of  short  supply  in  dry  season  of  1900.  Xo. 
2  supplied  from  4.5  sq.  miles  of  similar  water-shed. 
combined  reservoir  capacity  in  excess  ot  S^o  V£\\\\u%\v'?s'» 
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1    -sul      jfzszr^^n.     ^   -^m 


*  V.  »u2^i^*t•^i  ..Li'^    u^trrttLc  liter*  oixwit  »-«ise 


TaUe  No.  i54. 

FOR  Water  at  Various  Popi'lar  Ratks  i'kr  kxio 
Gallons. 


COST  PER  I003  GALLONS 

£  Ccma 

6  Cmis 

t  Ccois 

wCmti 

tj  Cent! 

■oCCAU 

t}C«flu 

i^CtBti 

la.aar 

n^ 

tfl.eii 

fp^.eif 

|o.«. 

«o.ovr 

fo.Bjr 

»o.^f 

b,aTs 

a,at4 

■..rtjo 

a-'**S 

O'ife 

0  SJJ 

OrB^J 

t:^ 

o.ejS 

::^ 

e.o64 

P.^V 

a.nt 

::;ii 

o,*ri 

::3: 

<i*i^ 

B.J«> 

::X 

o.^T 

P.»H9 

o-OTS 

o.im 

4,aj| 

e.tP^S 

0,090 

a,nD 

e.i]9 

tni 

o.*» 

«^«* 

a.44^ 

AiCIV 

::;e 

C1,l» 

o-m 

::^ 

a.S«* 

:ti 

;::i; 

0'"» 

o.»9» 

^'IC 

•T4» 

a  Kin 

«■**» 

aor4 

".T** 

t^iii 

l.lai 

e.n4 

-J.<*B 

0.359 

0.444 

044« 

O.Sqft 

UJ*!* 

p.kftt 

0.JI4 

a.^iq 

Q.^Ji 

B.?S6 

i.oir 

n» 

I.lfl 

a.  an 

p,3Sft 

Q-434 

o,S?7 

*.H|T 

*'H* 

IrT^* 

fl-J37 

0,^M 

°:llt 

i-M* 

'*«! 

I.  in 

»  4flft 

tJjo 

>.il4 

.;4»a 

■,;3i 

::!fi 

l:JtS 

6.7JJ 

;:!^ 

I'lqs 

a.jffi 

i-gei 

4.413 

1.9S* 

?'4to 

l.«7e 

1.144 

*-«hf 

JTfO 

i;,*5 

flOlo 

I  it  iJ-j 

:::it 

I.flfla 

^  w* 

4lW 

IJr»»a 

11.4** 

3.UI 

4.^ 

1-^ 

10. 4» 

0  «>e 

IS-I-J 

;:is 

l-Sflo 

4  7*7 

l^HflS* 

[Jt: 

I7.49J 

:::s 

i-:fi! 

.g.^ 

1 3-4^4 

PO'lfl? 

s^^ 

E1.l» 

■*'^* 

.1,7^- 

nr4iL 

.5r 

■T-A3 

n.44 

;iS| 

n:?r 

sr 

s;:? 

I4.flfl 

ITnflS 

7Jv<H 

^'flP 

M.S* 

7*'fc 

».J7 

Ifl.r* 

"■+4 

■»^»» 

J7.H» 

74. *> 

«'5* 

111. IS 

31^4* 

>d.gd 

47' B? 

*|.ffl 

67.3*3 

■at* 

lEl.M 

1i4.A. 

1     3J-4T 

'4 

i:SI 

114. « 

3  J  .a* 

40'Z'> 

sj.is 

i«.9ft5 

15464 

iM.ji 

J&l*W 

ir^Jfl 

«  11 

»,«# 

III  J? 

IW*. 

jij.n 

n^ij 

74.&. 

irfl,M 

l«.4r 

«4.43 

28:!! 

M'.'v 

ira.wj 

t«  SJ 

«*^il 

i,ft.fi4 

if.it>y 

671-34 

»««< 

iJV'Ji 

'J«07 

"«►■=■ 

5j  J* 

S^R-M 

T*B..i, 
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WATER  MOTORS. 

jre  are  two  classes  in  popular  use.  1st.,  Jet ;  2n<l., 
a. 

the  first  class,  impact  wheels  are  included,  an<l 
the  work  performed  is  by  impact  of  tlic  watci 
50  per  cent  is  the  maximum  theoretical  cihcicncy. 
class  of  wheel  seldom  give  over  40  per  cent.,  and 
t  average  over  35  per  cent,  efficiency.  By  ])r()i)cr- 
rv'ing  and  shaping  the  buckets,  advantage  of  pres- 
Df  the  water  is  obtained,  and  the  author  has  re- 
id  an  efficiency  of  C2  .per  cent,  with  a  well-known 
r.  Everything  considered,  it  is  not  safe  to  figure 
ore  than  50  per  cent,  and  on  this  basis  the  amount 
ater  used  by  a  motor  per  horse  ])()wer,  is  double 
given  in  Table  No.  155. 

Jton  motors  are  generally  constructed  so  that  a 
:  is  made  to  revolve  by  motion  imparted  to  it  by 
ral  pistons  working  under  pressure  after  the  man- 
►f  steam  pistons. 


Fricticm  in  such  a  motor  is  considerable,  Md 
average  oonditiotis  they  cantiot  compete  with 
No.  u 

There  are  locations  where  water  pressure  en] 
can  be  used  to  advantage^  as  in  elevating  a  portK 
water  above  the  source  of  supply. 

One  horse-power  delivered  from  a  water  motor  of 
per  cent*  efKciency;  under  200  feet  head  each  day  of 
working  days  in  a  year,  would  require  over  7000000 
Ions  of  water  to  operate  the  motor.     When  intereHt 
count  and  all  other  items  are  considered,  there  are  d 
cases  in  the  States,  gravity  or  pumpiug,  where 
amount  of  water  could  be  delivered  at  a  profit  for  less 
five  cents  per  iodo  gallons*     At  this  price  the  one  h 
power  would  cogt  $350.  per  annump  or  about  ten 
its  cost  if  furnished  by  gas  or  oil  engine. 

It  needs  no  argument  to  show  that  wliere  power 
constant  use  throughout  the  working  day,  tbat  wi 
motors  should  cot  be  used,  if  the  supply  is  to  l^e 
nished  by  a  system  intended  for  domestic  use  and 
dustrial  purposes,  other  than  power  and  tire  proti 

Ever}"^  water  motor  should  be  metered t  if  not,  m 
cases  out  of  ten,  it  will  cost  $10  to  deliver  the  wai 
every  dollar  of  iucoure  from  this  source. 

Where  there  is  ample  pressure,  supply  and  sti 
and  water  is  delivered  by  gravity,  the  limited 
motors  to  supply  intermittent   power   is   not  obj 
ahle.     In  the  author's  eKperience,  reduced  to  2(>o'tiei 
motors  for  s^uch  intermittent  power  have  used  peraniti 
in  millions  of  gallouSt  J^  x  horse-poTver  of  motwr; 
is,  10  h.  p.  motor  will  use  5,000,000 ;  4  h,  p.  motor,  2i 
000  gallons  per  annum,  etc.     A  few  examples 
from  practice,  (reduced  to  200'    head)  are  giveo 
following  table. 
ACTUAL  Water  UsEn  HY  Watem  Motors  Water  tieed 

FOR  V ARC OUS  PL' R POSES  UNDER  tOT   JD    ^llltiOBJ 

my  Hfad,  Qflllotiss^  per 

Average  dailv  newapaper  uffice,  (SLOWI  ch- 

culatEonX'  with    1   cylinder  aod    JJ   job 

prcfise*!,  requiring  5  h.  p.  BteaiT],      .        .  S.5 

Store,  a  storv  elev&tor,  I  ton  capacity,  a.y- 

erage  loftd  IntKIOlbs.,  ISiripspei  d&y,     .  S. 

Coffee  Grinders,  average  in  average  i^tore,  Hit 

Ice  Cream  Freezer,  for  season  in  averag^e 

hakery,  .......  ^^ 

^an&iige    Grinder,    for    sea&un   in  average 

meat  market,         ......  O.si 

Fans  in   ReE^taurant,   for   i^ea&oni  average 

per  fan,    ..,..*,,  ft] 

Dentfst  Office, ^A 
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WATER  WHEELS. 

power  of  water  =  (quantity  in  cu.  ft.  per  min- 
ad  or  fall  in  feet  X  62. 5)  -i-  33000.  A  recognized 
d  make  of  Turbine  is  best  to  adopt  for  low  or 
te  lieads.  As  a  rule  the  horizontal  pattern  is 
ole,  and  will  be  most  eflScient.  The  efficiency 
•y,  depending  on  the  design,  proportion  of  wheel 
7ork  required  of  it,  and  many  other  points  that 
its  of  this  work  will  not  permit  to  be  discussed, 
t  safe  to  figure  on  more  than  80  per  cent,  effi- 

though  90  -f-  per  cent,  efficiency  has  been  re- 
with  full  gate.  Each  yi  closing  of  gate  will  re- 
le  efficiency  of  a  good  horizontal  turbine  about  7 
it.  This  loss  can  be  partly  counteracted  by  using 
:  more  properly  proportioned  wheels  on  the  one 

revolutions  of  a  wheel  and  the  discharge  in  cu. 
y  as  the  square  root  of  the  head,  and  the  power 
»ped  as  the  square  root  of  the  cube  of  the  head, 
esigning,  the  velocity  of  the  water  can  be  assumed 
5  per  cent,  of  the  theoretical  velocity  given  in 
No.  156,  while  under  average  conditions,  if  the 
ty  of  the  wheel  is  62. 5  per  cent,  of  that  of  the  wa- 
3  best  results  will  be  obtained.  It  will  be  noticed 
his  corresponds  with  the  weight  of  a  cu.    ft.    of 


D.  Wood  &  Co.  give  the  following  table  of  horse. 
:  of  some  of  their  Turbines. 

TaMe  No.  157. 
E-PowERs  OF  Turbines,  Single  Wheels,  Smaller 
Sizes. 


HEIGHT  OF  FALL. 

kter 

ties. 
1p 

10  Feet. 

16  Feet. 

20  Feet. 

25  Feet. 

30  Feet 

el 

HORSE-POWERS. 

9.47 

17.25 

26.4 

37 

48.8 

13.Q 

25.2 

39-6 

55-2 

72.2 

19.8 

35 

54.5 

76.9 

100 

. 

24 

44 

68 

85 

126 

32 

62 

94 

135 

173 

40.7 

80 

120 

175 

220 

^ 

53 

95 

156 

218 

280 

y 

67         I 

no 

193 

\     262 
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seiirfc"  a:  seal 
soirc 


d  in  net  tons  we  have, 

.012  X  diam.  x  height (c) 

r  value  thought  necessary  can  be  substituted 
nng  a  different  value  to  the  above  and  follow- 
Lions.     Good  judgment  must  be  used. 
;ntre  of  pressure  given  by  (c)  is  at  centre  of 

md      THE    FORCE    TENDING    TO    BLOW    OVER    THE 

E,  (T)  =  (c)  X  Vz  height  or  0.006  x  diam.  x 
:  height.  To  resist  this  force  when  the  stand- 
upty,  not  anchored  or  guyed,  we  have  simply, 

t  of  standpipe  (W)  x  Yz  its  diam (d) 

;  diam.  is  great  in  proportion  to  height,  (d)  will 

St  be  equal  to  or>(T)  or  the  standpipe  will 
er,  unless  it  is  properly  anchored  or  guyed,' or 
t  must  also  be  anchored  to  resist  being  moved 
zontal  direction  by  the  wind ;  for  the  resistance 
generally  about  one-fourth  its  weight,  is  not  as 
most  cases  as  horizontal  component  of  Ps  at 

iRY  Foundation: — Area  should  be  such  that  the 
BSultanL  pressure  of  maximum  wind  strain  and 
alls  well  within  the  circumference.  If  possible 
too  expensive,  carry  masonry  to  rock  base.  If 
ion  is  in  quick  sand  or  other  treacherous  mater- 
e  piles  (preferably  oak)  as  close  to  each  other  as 
1  will  permit;  saw  them  off  level  well  below  the 
e ;  make  cross  grillage  of  railroad  rails  or  other 
steel,  and  anchor  bolts  to  it;  bed  the  whole  in 
icrete  and  carry  it  to  the  surface.  Always  carry 
y  well  below  the  frost  line  and  batter,  or  step 
ter  outside  slope  so  frost  will  not  "lift"  it.  The 
onditions  should  be  complied  with  whether  or 
masonry  is  necessary  to  comply  with  require- 
)f  stability  as  below  given.  Do  not  erect  stand- 
r  other  tall  and  narrow  structures  on  soil  subject 
itions  of  railroad  trains  or  heavy  machinery  un- 
ery  precaution  is  taken  to  counteract  its  effect. 
RiBUTED  Weight  of  Masonry  ought  to  be  such 
sight  on  it  per  sq.  ft.  will  not  exceed 

9  tons  for  good  concrete, 

7     •'      ••       •'     sandstone, 

4.5  *'      "       "     brick  work, 

4.    '*      **      **     concrete. 
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[AfiDTA^  TABLE. 

9  m  THi  Ga?isr»rcTiosi  or  Ex- 
hSD  Tasj^s  or  Villous 

OF  tiTA3(i>-f^n;  ITS  rmtr. 


No.  158  gives  the  actual  thickness  of  bottom  ll 

ed  in  American  practice  as  deduced  from  ac- 
surements  of  over  150  successful  standpipes 
s.  The  thickness  of  top  plates  vary  from  }4' 
seldom  exceeding  X  ")l  3-i6"  is  most  common 
i,  though  everything  considered,  especially  in 
ates,  X"  with  angle  iron  stiffening  ring  is  best. 
;s  of  plates  between  bottom  and  top  plates  re- 
proportion  to  their  distance  from  bottom, 
ble  covers  all  ordinary  practice.  The  author 
lined  from  filling  it  out  by  interpolation  or  cal- 

believing  that  though  the  problems  all  admit 
3tical  solution,  in  such  cases  practical  data  is 
le.  For  many  reasons,  lack  of  uniformity  in 
>f  plates,  unequal  sheer  on  rivets,  lack  of  per- 
.vledge  of  wind  strains,  weak  spots  in  tounda- 
i.,   only  an    approximate  determination  of  the 

a  riveted  joint  can  be  obtained ;  with  this  ap- 
te,  no  other  calculation  depending  on  it  can  be  bl 

When  there  is  no  precedent  to  guide,  it  is  al- 
jll  to  get  the  opinion  of  reliable  constructors, 
ke  a  specialty  of  this  class  of  work,  while  those 

with  Calculus  and  other  higher  mathematics, 

such  works  as  'Elasticity  and  Resistance  of 
Is  of  Engineering,"  by  Wm.  H.  Burr,  C.  E  , 
of.  of  Mechanics  at  Rens.  Poly.  Inst.,  now  of 
ia,)  of  great  assistance  when  standpipe  or  other 
al  material  is  under  consideration. 

Tanks  on  Towers* 

s  standpipe  is  constructed  at  location  much 
tie  general  level  of  points  of  discharge  in  the 
tion  system,  the  water  in  the  lower  two-thirds 
fifths  of  the  standpipe  is  not  available  for  effi- 
e  protection  or  other  use.  When  adopted  height 
f  standpipe  excee:ls  50  feet  above  the  surface, 
requently  be  found  more  economical  to  adopt 
irer  and  Tank  system.  Circumstances  are  often 
at  it  is  best  to  adopt  it  for  heights  less  than  50 
LS  generally  constructed  weight  of  tank  -|-  tower 
r  is  less  than  1-5  of  weight  of  standpipe  (same 
nd  height)  -f  water ;  therefore  necessary  mason- 
iation  to  properly  distribute  the  weight  can  be 
proportionately  (nearly).     Wind  ptessMi^  oxi 
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tank  &iid  tower  wil!  seldom  exceed  one^half  tbat  on 
staadpipe  of  same  height,  when  tank  laeight  —  abcwl 
1-5  height  of  towTcr.  With  rotind  colunin&  to  tower tk 
ditTereiice  is  generally  greater.  Though  wind  pressurts 
are  qtiicld^^  obtained  for  any  tower  and  tank,  by  equa- 
I  tions  tinder  *'  Standpipes.*'  an  example  showing  tk 
difference  in  pressures  and  other  details  is  below  givt^ 
Example: 

ao'  X  loo'  standpipe.  compared  with  20'  x  20'  tani  (MJ 
80*  tower* 
Leverage  moment  of  wind  pressure  at  base 

of  standpipe,  1200  tons. 
Leverage  momect  of  wind  pressure  of  tank 

at  foot  of  tower, . ,  * .,..-_, 

Le^verage  moment  of  wind  pressure  of  aver- 
age tower, ......,,, 

Total, 

or  less  than  one-half  that  on  standpipe. 
Weight  of  2o'x 1 00' standpipe,  average. 
Weight  of  water,  (fuU), 


Weight  of  So'  tower,  average 

Weight  of  3o'x20'  tank,  average.. 
Weight  of  water,  (full) 


Total,      loig  timi 

25  tffofi. 
latoni 


Total,  233  tow. 
or  slightly  in  excess  of  1-5  weight  of  standptpe  4'WattT. 
It  will  also  be  noted  that  the  total  weight  of  metd  is 
but  about  0.75  X  weight  of  standpipe 

The  use  of  taoks  made  of  wood,  preferably  cypres 
on  steel,  iron,  wood  or  masonry  towers  is  rapidly  in- 
creashig,  givmg  m  many  cases  better  satisfaction  f^ 
less  money  than  would  he  afforded  by  the  metallic 
tank.  Their  use  in  connection  with  wind-mill  oa^i^' 
and  artesian  well  supply  is  fast  redeeming  many  parts 
of  the  arid  regions  without  great  cost  for  irrigatiofl 
works.  For  isolated  public  institutions,  private  estates, 
small  municipal  water  works,  individual  fire  protecticifl 
in  cities,  reserve  for  boiler  supply,  railroads,  etc,  sttcb 
tunks  on  tower,  roof  or  lireat\e  \\a.Tjt  w^  ^^b^iitute  tb*t 

can/  under  average  condiUon^^  cutn-^feta  m  igtnKfc,4:^  ' 

bility  and  safety. 
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By  data  under  Tables  No.  52  to  54B  inclusive,  caleu- 
tions  relative  to  capacity  of  and  weight  of  water  in 
andpipes  and  tanks  will  be  facilitated. 
Standard  sizes  and  weights  of  tanks,  towers,  etc.  are 
xried  in  stock,  see  part  2. 

Hydiatslic  Notes* 

ther  Hydraulic  Notes  will  be  found  under  appropriate  head- 
ings elsewhere  in  this  work.) 

WEiRS,-Becauce  of  the  exhaustive   and  reliable   ex- 

jiiments  of  Mr.  Francis,  at  Lowell  Mass.,  with  Weirs 

iving  horizontal  crest  and  vertical  ends,  and  the  tables 

lat  he  and  others  have  prepared,  based  on  the  data 

>tained,  such  Weirs  are  generally  used  and  within  the 

tnits  below  mentioned  give  accurate  discharge.    When 

le  flow  rapidly  fluctuates  and  is  small,  the  TRiAN(ii  i.ar 

ETCHED  Weir  (isosceles  triangle,  angles,  of  90^)  is  best 

>  use.     The  use  of  such  Weirs  is  rapidly  increasing, 

specially  in  Southern  California  and  other  irrigated  re- 

ions,  where  every  Miners  Inch  of  water  has  an  intrin- 

ic  and  practical  value  far  beyond  the  conception  of  the 

iverage  wasteful  consumer  in  the  Eastern  and  Central 

states      Prof  Jas.  Thomsons  formula  based  on  experi- 

nents  with  flow  from  2"  to  4"  in  depth  for  such  weirs 

ts, 

3 
Q=  0.317    H^in  which  Q  ^  discharge  in  cu.  ft.  per 

second,  and  H  =  depth  over  centre  of  Weir,  measured 
in  still  water  above  stake  below  mentioned. 

With  Weirs  having  horizontal  crest  and  vkkik  ai. 
SIDES,  area  of  section  of  water  passing  over  Weir  ought 
not  to  be  >  one-fifth  area  of  section  of  stream  just 
above  it.  For  guide  in  construction  of  weir,  discharge 
of  stream  can  be  taken  at  surface  velocity  of  wat-er  in 
centre  of  stream  X  0.8  area  of  section  of  stream  where 
velocity  is  measured. 

Bevel  crest  and  sides,  on  down-  stream  side,  45^  so 
that  edges  are  J4"  or  less  in  width.  If  Weir  is  to  remain 
in  stream  for  several  days  or  more,  use  thin  metal  plate, 
cut  from  one  piece  if  possible  for  crest  and  sides,  firmly 
fastened  to  the  plank.  Drive  stake  so  that  its  top  is 
exactly  level  with  the  leveled,  beveled  crest  or  plate  of 
^eir  and  far  enough  up-stream  so  that  depth  of  flow 
^hen  measured  from  top  of  stake  will  not  be  affected  by 
ciuve  ol  discharge  over  Weir. 
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When  there  is  no  velocity  of  approach.  Table  Na.  i% 
g^ives  discbarge  in  cu.  ft.  per  minute  per  inch  in  width 
of  Weir  for  varioui^  depths  of  flow,  from  ,^^*'  lo  25*^ 
The  discharge  for  even  inches  in  depth  (as  given  b? 
bold  faci;  figures  in  firnt  and  lasit  colnrans)  is  next  tji 
them  in  second  and  next  t<i  last  columns ;  for  example, 
discharge  over  weir  20"  wide  and  4"  deep  ^  20  >  5,^ 
—64,4  cu  ft.  per  minnte.  The  discharj^e  for  parts  of  jiq 
inch  in  dt^pth  given  in  the  top  horizontal  column  are 
given  in  the  st^cond  horizontal  line;  for  example,  dis* 
charge  over  Weir  10'  wide  and  ^i"  deep  ^-^  10  x  0.20=* 
2.0  cu.  ft  per  minute.  Likewise  discharge  for  inches 
and  parts  of  an  inch  are  giv-en;  for  example,  discbargp 
over  Weir  20"  wide  and  4 ^^4"  deep  ^  20  X  3.52—704 
cu.  ft.  per  minute. 

If  extreme  accuracy  is  required,  before  tnaking  com- 
putation, deduct  fur  each  one-half  inch  iix  depth  of  flow, 
o.t"  from  length  of  Weir;  this  prf>vides  for  contraction 
of  stream. 

The  longth  of  Weir  tihould  be  about  four  times  deptli 
of  flow  over  it ;  while  depth  should  not,  if  possible  to 
avoid  it*  be  less  than  4"^  or  more  than  as*'.  With  very 
small  streams  this  is  impossible,  and  in  snch  cases 
where  extreme  accuracy  is  required,  as  check  on  Weir 
measurement,  deliver  stream  to  and  measure  it  in  a  tight 
box,  the  knowm  capacity  of  which  is  >flow  of  stream 
for  one  minute.  Small  streams,  as  low  as  10  to  12  gal- 
gallons  per  minute  cannot  be  measured  within  10  or  15 
per  cent,  wdth  a  water  pail  or  other  small  measure  od 
account  of  Lhe  uncertainty  within  one  or  two  seconds  as 
to  the  instant  when  measure  is  exactly  fiilL 

The  level  of  water  in  tail-race,  (down  stream  from 
Weir)  should  be  lower  than  crest  ot  Weir  by  at  least  1,5 
X  depth  of  (low  over  the  crest,  or  partial  vacuum  wmII  be 
created  between  the  parabolic  section  of  discharging 
stream  and  the  Weir,  increasing  discharge  for  givea 
depth  of  dow. 

It  will  be  found  convenient  to  remember    that 

MILLION  GALLONS  I'KR  PAV  EQUALS: 

l.MTcu^  ft,  per  Sceond, 
1L67   U,  t>  GnJloTift  per  Second 
n.S     Caiifornift  Mirier s^  Inches. 
H&M  Cpbit:  Feet  per  ^tti\ite, 
604. S     U.  fej.  fmUoTi&pet  lAiTvme. 


^             Table  No,  J  59,                      ^^^| 
nSfscHARGR  isi   Cubic   Fkkt    peh   MiMttpE  phk  isch  ik 
L          WioiH  (LEN(iiH)  Over    Weiks   Having   Hiiri-           i 
^K        POSTAL   Crest  and  Vertical  Ends,  Both        H 
^H            OF  Which  ark  Beveled  (45^)  on  Down-          ^M 
^H              Stream  S]t>e,  so  That  EtiGEs  are             ^| 
^V                                ^"^  JN  WimiL                               ^* 
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Ill 
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-1- "? 
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i|Si5 
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nmt 

til 

H«  =-^? 

^jH^^^ 

■Pf5 

III 

^.f'-l 
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■filjs 

1 » « 
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'^llll 
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pl^ 
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,j.|«|,^.;.;* 

]s2;s|2ystH?'^iife 

iw^  „ 

^L           See  tejtt  on  preceding  and  EoUowms ^s^S'^^            ^M 

Vklocityof  Approach. — Mr.  Francis  determined  that 
a  velocity  of  approach  of, 

0.5    per  second,  depth  6"   ov«:   weir,  increased  dis- 
charge but  r  per  cent. 

r.o    per  second,  depth    i'  over   weir,  increased  dis- 
charge but  2  per  cent. 

In  most  cases  it  can  therefore  be  neglected  when  pro- 
vision is  made  to  reduce  it  to  a  minimnm.  When  it 
must  be  considered,  find  by  equations  below  given, 
V Francis  formula,)  in  which, 

L  =  length  of  weir  notch  in  feet. 

H  =  depth  of  water  over  weir  as  measured  "at  stake" 
after  water  is  remaining  at  constant  depth. 

X  =  number  of  end  contractions  of  discharging  stream 

Q  =  discharge  in  cu  ft  per  second. 
We  then  have, 

Q  =  3-33X(L— o.iNx  H)xH« (a) 

or  when  there  are  no  end  contractions  we  have, 

Q,  per  ft  of  weir,  =  3.33  x  L  X  H  x  i/H (b) 

Discharge  in  cu.  ft.  per  minute  =  200  x  L  X  H  V  (C) 
The  head  due  to  velocity  of  approach  ^V-^-2g.  g* 
gravity  ^  32.2.  In  terms  of  Q  as  determined  by  above 
formula  and  area  of  section  of  stream  (A),  we  have, 

Head  due  to  V  =  Q-  ^  (64.4  X  A«)  and  for  the  cor- 
rected head,  h  we  have. 


f  '  measured         head  due  ]  | 
I  I  head  over  —  to  j    - 

L  i       stake  velocity    J 


head  due  |  111 

to        I    I 

velocity  J   J 


Corrected  discharge  = 

3.33  X  [L  — (o.i  xN)x  ^jxh""* , (<i) 

or   with   no  end   contractions,  corrected  discharge 

=  3.33x(Lxh)xh^ («) 


2b^ 


MINERS' INCHES. 

A.  miners  inch  of  water  is  the  amount  flow- 
?  through  an  opening  one  square  inch  in  area 
der  a  given  head.  As  this  head  as  adopted  in  dif- 
ent  localities  varies,  from  less  than  4"  to  more  than 

the  value  of  the  miners  inch  also  varies.  Again  in 
i  same  locality,  thickness  of  opening,  its  length  and 
ght,  relative  area  of  opening  and  stream  all  tend  to 
*y  its  amount.     Where  water  is  of  great  value,  and 

term  "miners  inch"  yet  conveys  a  more  specific 
aning  to  the  people  at  large,  than  gallons  or  cu.  ft. 

unit  of  time,  its  amount  in  one  of  such  units  has  gen - 
lly  been  established  by  law.  In  British  Columbia 
amount  is  1.68  cu.  ft.  per  second.  In  California  4" 
id  is  used  (see  Table  No. 31)  its  legal  amount  or  value 
).02  cu.  ft.  per  second  —  1.2  cu.  -ft.  or  8.976  gallons 
■  minute  ^  12926.33  gallons  per  day,  usually  called 
300  gallons. 
?he  amounts  of  discharge  as  given  in  Table  No.  159 

quickly  reduced  to  miners*  inches  by  dividing  by 
:  cubic  feet  per  minute  in  the  miners'  inch  under 
Lsideration.  It  is  often  more  convenient  to  multiply 
the  reciprocal. 

Tabk  No^  J60* 

Reduction  Table. 
The  amount  in  California  Miners'  Inches  Equals : 


CUBIC   FEET    PER 

U.  S.    ( 

GALLONS   PER 

Second  -f-       0.02 

Second  -s- 

0.1496 

X       50. 

"       X 

6.67 

Minute -5-    -^1.2 

Minute  ^ 

8.976 

X         0.833 

"     X 

O.III4 

Hour     -^      72. 

Hour      -j- 

538.58 

X        0.0138 

X 

0.0018 

Day       -^  1728. 

Day        ^ 

12926.33 

•'           X        0.0057 

X 

0.000077 

^f  amount  given  in  California  Miners'  inches  is  re- 
ired  in  any  of  above  units,  multiply  it  by  any  divisor 
divide  by  any  multiplier  as  given  opposite  the  unit 
Sow  desired. 
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Tr^JSg   -^ 

C.\LI. 

'    ^     .rT^l 

TH- 

I. 

ILL 

31-^ 

10.99 

11.39 
ii.So 

zz 

12.22 

^=x 

12.65 

zz^ 

15.06 

~^-i. 

15.50 

zz 

i>94 

31: ':i. 

14.35 

zr^ 

14.S2 

3^-v 

15-27 

z^ 

15.72 

-r  iu 

16. 12 

16.64 

z>^ 

17.10 

Z-. 

17-57 

3^ii- 

1 5.04 

Z-:-^ 

15.52 

3-:.^ 

10.00 

Z5 

1945 

■5  i 

19.95 

ZrS 

2a47 

^^ 

20.97 

rt 

21.47 

^S 

22.47 

ZT 

25.50 

r^  -z 

24M 

FLOV  OVER  DAMS,  ETC 

rViTH  Short  Level  Crest  and  no   Back  Water. 

=  length  of  Weir  or  overflow. 

=  Depth    of  water  over  dam,  measured  back  of 
curve,  as  in  case  of  small  Weirs. 
=  co-efl&cient;  we  then  have,    for  Q  (discharge  in 
cu.  ft.  per  second,)  Q  =  A  x  L  X  H^ 
The  value  of  A  will  depend  on  the  relative  length  of 
erflow  and  width  of  stream  or  reservoir  back  of  dam 
;  follows. 
When  length  of  overflow  equals, 

i.o  X  w^idth  of  reser\'oir.  A  =  3.541.* 

0.9  X       "       *•  •*  A  =  3.509. 

0.8  X       •*       •*  ••  A  =  3.444. 

0.7  X       "       '*         *•  A  =  3.396. 

0.6  X      *'       **         '*  A  =  3.348. 

05  X      •*       "         "  A  =  3.3. 

0.4  X       *'       "         '*         A  =  3.246. 

0.3  X      **      '*         *•  A  =  3.198. 

0.2  X      **      '*         **         A  =  3.166. 

*In  this  case  H  should  be<  %  depth  of  reservoir, 
^'hen  L  x  H<  one-fifth  section  of  stream  or  reservoir, 
'elocity  of  approach  (V)  can  be  neglected  as  it  seldom 
^ill  exceed  i  per  cent.,  but  when  L  x  H>  the  j^  section 
^Q  have, 

Q  =  3.487  X  L  X  H  X  ^/H  +  0.0349  X  S«  in  which 
xpression  S  =  mean  surface  velocity,  corrected  for  air 
urrents. 

Flow  Over  Waste  Weirs  or  Overflows  ok  Dams. 

When  Weir  crest  is  level  and  about  three  feet  wide 
^r.  Francis  suggested  the  formula, 

Q  =  3.01208  X  L  X  H  ^•"•Mn  which  Q,  L  and  H.  rep- 
esent  same  quantities  as  on  pages  268. 

With  the  same  width  of  crest,  (3  ft.)  Mr.  Back  well 
sed  the  following  formula, 

Q  =  0.66  X  M  X  L  X  -/Jg  X  H2  in  which  Q,  L.  g  and 
^  represent  same  quantities  as  on  page  268,  while  the 
npirical  quantity  M  he  determined  by  experiment  to 
8  as  given  in  Table  No  162.  (taken  from  J.  T.  Fan- 
ings  ''Hydraulic  and  Water  Supply  Engmeeroi^'  ,. 
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Lm^sts  Three  Feet  Wms. 
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-9 

M* 
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.ff  ■ 
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<^£ 
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'    .5E1 

.4O: 

-T" 

^^is 

<4V 

-^j 

^.47^ 

■■I<j5 

3iK 

^5- 

■^- 

=?«^ 

^^m 

^E" 

H^pi, 

^^- 

-455 

-#¥T 

sn. 

-^~ 

^^A 

J9*c 

-5i« 

^ 

«l^ 

*^i 

^«^ 

-515 

^ 

^t 

H^^ 

jgV: 

-^ 

-•97 

«^ 

.^^ 

-^V 

.4^ 

^m 

"^ 

^^» 

jmt^ 

^«£    ' 

^iJlD 

-4* 

^ 

^<^ 

-f^ 

1 

^T" 

^j*r7 

j 

•^ 

J 

in  ^ibcfvc 


^OK  :]MXtt  reliam 


th-en  have, 

/          ^ 
=  1-3  X   \H  X  _ ....(a) 

C 


=  1.3  X  Vh  x_ (b) 

C 


=    S40212  X  ^'H   a   —    (c) 

C 


solving  (a),  (b)  or  (c)  almost  any  practical  question 
ive  to  discharge,  necessary  grade,  etc.,  of  Con- 
.,    Aqueducts,    Canals,    Ditches,  etc.,    is  answered 

enough  for  most  purposes. 

jplied  to  the  old  Croton  aqueduct,  length  40  miles, 
125  ;  area, 56.64  sq.ft. ;  Hominal  capacity,  60  millions 
1 1. 1  cu.  ft.  per  second,  it  gives  capacity  within  3 
cent. 

he  aqueduct  is  reported  to  have  carried  100  millions 
day  and  if  so,  it  was  working  under  pressure  head. 
'ew  conduits,  canals,  etc.,  designed  by  aid  of  (a),  (b) 
1(c)  will  in  most  cases  deliver  more  than  the  amount 
culated,  but  when  algae  growths,  tuberculation,  de- 
iits,  etc..  are  properly  considered,  the  formula  give 
iults  probably  as  near  correct  as  when  Kutters  or 
ler  complicated  formula  is  used. 

[n  using  (a),  (b)  and  (c)  it  will  be  found  convenient  to 
member 

S 
1st.    That  —  for  rectangular  channels  is  a  maximum 

C 
hen  depth  of  flow  =  one-half  the  width. 

2nd,  That  the  discharge  of  circular-  conduits  (not 
ader  pressure)  is  maximum  when  the  depth  of  flow  is 
9  ^  the  diameter  of  conduit,  approximately. 

3rd.  That  the  hydraulic  mean  radius  of  a  circular 
Igduit  =  diam.  -r-  4,  and  for  other  conduits,  channels, 
^'  =area  section  -h-  con  tour  or  wet  perime\<er. 
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HYDRAUUC  RAMS. 
Principle  Involved  in  Hydraulic  Ramsi  s  Consid- 
ered Under  "  Water  Hammer." 
Xie  approximate  discharge  of  a  good  ram  or  *'  set  of 
%••  each  with  a  separate  **drive  pipe"  but  if  desired 
"a  one  discharge  pipe,  where  all  pipes  are  propor- 
#d  to  the  work  required,  can  be  found  by  the  fol- 
•j^f^  formula. 

Q  X  F  X  0.65 

Q  = in  which 

L 

==  flow  of  available  stream  or  springs  in  gallons 
ininute. 
=  fall  to  ram  or  rams  from  stream  or  springs  in 

.=  lift  or  height  water  is  elevated  in  feet. 
^  quantity  of  water  elevated  in  gallons  per  niin- 

f  length  of  discharge  pipe<i  mile,  under  average 
iitions, 

^en  L  ^  10  X  F,  q  =  from  o.  i  to  0.066  X  Q. 
Rien  L  =    5  X  F,  q  =  from  0.15  to  0.13  X  Q,  or  ap- 
Kimatel3*  one  seventh  of  available  water  can  be  elo- 
Bd  5  ft.  for  each  foot  of  fall,  or  less  in  proportion  as 
is  increased. 

'able  No.  142  will  assist  in  determining  proper  size 
omnecting  pipes,  it  being  remembered  that  for  dis- 
rge  given  in  the  table  all  the  head  is  used,  and  the 
B8  do  not  discharge  under  pressure. 
*he   • 'American   Well  Works"    give    the    following 
venient  tables.    (No.  164  and  165). 
Tabic  No.  l(A. 
Hydraulic  Ram  Data. 


■Hit  FaN  ol  WAterJfi  F««t 
Rbt  below.  , 

2 

z 
« 

a 

3 

15 

5 
35 

4% 

7 

8 
80 

10 

rxt 

tit  water  may  be  e\v- 
ki^»feei 

4 

!*&  of  Drive  pipe,  fert.,. 
?0f  tton  0  f  w«  tc  r  c  n  Ifl  r(  Oif 
WihaiUvkVAUfd.K  *►. 

It 

12 

12 
1-7 

i-ir 

20 

i-to 

50 
1-12 

10 
IN 

50 
2-31 

fiO 
>17 

75 
Kifl 

I -JO 

ixDt.  of  uscftii  t?ffwctof 

m 

T% 

T> 

12 

«s 

^ 

^7 

» 

la 

43 

3« 

BfBcJency  given  is  approximate  only. 
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Tihk  No-  f  1 

viHf^  i!fl "PER  CEXT.  *oit  Each  Dwnmwm  or 

TEMPERATrRE  OF  FeED  WaTF»c    HCiTtl 

iSoiier  steam  pressure  in  lias,  per  sq.  to  »tit/reatm<«pteer«. 
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fli.ie 

6L68 

n^^T 

136  44    , 

00  61 

H 

a 

«2.42 

124 

9217 

01  67 

169 

1S7  45 

80.79 

W 

a 
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Bo 
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St 
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» 
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SI 
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SH 
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99.30 

61  64 
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144  51 

00,64 

m 

sa  01 

62.  a7 

1,^2 

160.20 

6L52 

177 

14.5,52 

60.02 

m 

30.01 

62  36 

133 

161.21 

61  51 

178 

146.52 

60.59 

m 

32.01 

aasfl 

134 

102.21 

61  49 

179 

14?  53 

60.5? 

m 

M  02 

62,34 
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103  22 
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180 

146.54 

60.55 

m 

36  02 

62  33 
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61  45 
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349,55 
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2! 
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fi2.3l 
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01  43 

m2 

1B0.56 
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^ 

40  Oi 
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01  41 
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74 
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HI 
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la 
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fa 
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m 
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61.36 

158 

126  36 

fli  02 

203 

171  79 
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Tabk  No*  J76. 

TiviNG  Mean  Pressure  of  Steam  at  Different  Rates 
OF  Expansion, 


AvERAGK  Pressure  in  lbs.  per  Square  Inch  for  the 
Whole  Stroke. 


Points  in  the  Stroke  at  Which  steam  is  Cut  Off. 
0.1         0.2         0.25         0.8        0.0875        0.4  0.5         0.6 


40 

IJ^al 

ao,*? 

=jj« 

■6,t> 

»9l67 

30,66 

3J86 

J6h 

« 

I4.S6 

S3-4i 

■«.B4 

»973 

W^J* 

J+-S9 

J809 

40  66 

s» 

16.51 

26.09 

2^Ki 

J3-*J 

37^07 

38^3* 

4*3» 

45^15 

53 

rfl.i3 

'S.S7 

^tM 

36.67 

40Ja 

4-^ 

4*.4J 

499' 

6d 

19-79 

JT.« 

J5T7 

39*  J 

44.49 

4S-*fl 

5^73 

544J 

«5 

a  1.49 

33-^4 

J*  7^ 

4»-9» 

4fi-35 

49.89 

5+98 

530 

JO 

n-ia 

lUi 

4173 

46." 

52.00 

53.S  = 

55-07 

6j.>S 

T5 

14.71 

3«.oo 

44.** 

4»5J 

557J 

57-1* 

fi3-3« 

6S.00 

80 

1*^1 

4i.fi^ 

47-75 

sa.&s 

59  4 » 

«Si.i3 

67-47 

7=45 

«5 

18.M 

44.^ 

J0.6S 

3<i'M 

6J.17 

65.00 

7r.S4 

77.C0 

90 

2^M 

46,te 

53-7J 

59^ 

Se^K 

6B.S3 

76,00 

iti4T 

95 

J''34 

49^37 

5**? 

dj.St 

70.5* 

7..M 

So,i6 

S6.00 

lOO 

330J 

51.00 

S9.fij 

66.01 

74. 43 

76-47 

84,J7 

90-57 

MO 

J*-4i  1 

574a 

fiS*7 

7397 

8j.ai 

a4.11 

9J.OO 

99-95 

I» 

39-7? 

fia-SO 

7i.4« 

7*^ 

a^io 

91.98 

101.44 

iflB.fij 

IJO 

4J.01 

(J7-8S 

77-49 

Uoo 

9*^55 

99  47 

ItO.OO 

«nS9 

HO 

4fi^J» 

7JW 

S3^jS 

9J.S1 

104.00 

loj.a  1 

ii«.j6 

i2<5.7r 

ISO 

4971 

78.11 

a9.i> 

99,04 

1 1  t.6i 

"4^5<S 

Tf^.gg 

136.00 

"liiiLial  pressure"  in  above  lable  means  Absolute 
Pressure;  pressure  reckrjned  from  vacuum  or  guage 
Dressure  +15  lbs.  approximately 

The  average  pre&surts  K;^ven  shnukl  have  deducted 
■rom  them  a  proper  amount  for  "back  pressure"  or 
Tom  I  &  to  17  bs.  for  average  non  condensing  engine, 
)r      to  7  lbs,  ft>rxorHl  condepsi^^  t^ng^ine. 

With  no  allowance  for  'banking  tires"  or  ashes,  with 
toiler  and  appurtenances  adapted  to  iVif;  >NOTk,  t.V\^ ^^^^ 
ornpound  engines  will  run  on  2  lbs.  ox  fev^iv\.lS^^''^ 
yal  per  hour  per  horse-power,  day  m  Sk.'cv^  ^^^  '^'^^ 
esjgn  scientifically,  and  install  "best  oi  ^w^vcv^^.^^ 
s,  etc.     See  part  2. 
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Table  No,  177. 
STEAM  ENGINES, 

Mean  Effective  Pressure^  for  Varioti  Diam- 
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Example,  showing  use  of  the  two  proceeding  tables. 

Reqimrkd,  the  horse-power  of  a  condensmg;  engine.    I 
with  18"  cylinder  and  piston  speed  of  500  ft,  per  min-   I 
ute,  admitting  steam  at   3o  lbs.  guage  pressure*  -  and 
cutting  off  at  [  stroke.  ! 

80  lbs,  +15  =  ^5  lbs.   absolute  pressure.     In  Table    I 

^^o.  176,  opposite  95  lbs  ,  and  under  \  (0.25)  stroke  find    ,| 
56.62  lbs.     Deducting  say  5  lbs.  for  back  pressure  as    1 
mentioned  under  Table  l^o.  iiCi,  v;e  have  51.62  lbs.  as 
the  net  mean   effective  pieftautes,    \^  '^'i\A^  ^cj.  \--^^ 
opposite  1 8"  cylinder,  we  Evnd  ^xidei:  i^cio  lV,p\^\.Q\v*s^RftSi... 
^3^S54  ftorse  power  for  each  \b.  meati  jft^c^Xix^^  '^'^^'"^ 
r  . '    we  have     3  584  x  51-^^  =  ^^^-  ^^TJ^  ^-«.^^ J^-  ^ 

t  iffc  m  m 


HTabk  No,  179.  

^^riioiTNT  OF  Feed  Watkr  \^  Pounds  T'ER  HoitSK  Pot« 
Per  Hour  REguiRED  to  OpivRate  Steam 


*Btn&€d  on  an  evaiKsration  of  10  lb®,  of  water  from  dad  At  tit* 
Fflhr*  per  lb,  of  coal. 

Tabu  No,  tm. 

Amount  of   Coal    Rjl<juired  to   Raise   Osf.   Miluus 
Gallopts  of  Water  per  24  Hoi  us,  200',  the  Cor- 
responding   Duty    and    Quamitv   of 

FUEI.  PER  Hr^RSE  POWKR  PER  HoUR. 
^Shermail  . 
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The  above  table  assumes  l\iaV  t^  ■^^^'c  ^^T\'t,  laS.  ^mw.  | 
applied  at  *■  fit  earn  end'^  peTiorctvs  M^t^\  ^tttV  «.  ^ 
"water end''  of  the  putnp. 
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Tbe  fotlowt^  few  tables  ar^  iakexi  from  the 
1oguesalsome<^  tiiemany  FcmpMa  rsr 

sent^  in  Fut  2,  btit  hoc  witli  the  init :  ndin 

saying  '^oe  nialceis  better  than  acotl^r.       The  aallK 
presstunes  that  many  oser^  of  this  work  will  M  ' 
be  caught  in  public  Bteeting^  or  elsew^heie.  as  nt  i 
been,  withoat  a  bandieof  catalogues  in  his  pocket,  j 
3^ired  tri  give  at  least  an  appraximate  yet 

as  to  proper  sdza  oi  pnmp  and  coimtrcti^ 
I  the  olyject  of  asststing  at  sncfa  times  they  are  i 

Tahte  No.  t8Z 
COBIPOUND  STEAM  PUMPS- 
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Many  other  sizes  and  com bi nations  are  also  made. 
An  average  compotmd  steam  pumping:  plant  caij  M 
an  with  abont  two-t birds  the  coal  required  to  perfonn 
'  the  same  work,  with  same  boilers  and  connections,  by 

kan  average  single  cylinder  or  high  pressure  form  of 
timp. 
When  mierest  on  tnvestmenL,  maintainence,  etc.  ai^e 
Topedy  considered,  it  does  not  always  pay  with  smal 
lantr  say  under  two  million  capacity,  to  pro%'tde  fof 
compound  condensing  out&t.  ^tfti^s^^gt  c3o$"aK5A.->5,tJtift 
cases  are  few  wher*  it  does  no^  ^a^'  tsx^ 
For  cut  of  compowiid  p^imp.  ^^c*  p&^t  v*,ipm:v%. 


Table  No.  )S3. 

General  Service  Triplex  Pump. 

(The  Deming  Co.) 

Single  Acting  Pattern. 
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Double  Acting  Pattern. 


MMciHr«gH«n  are  fcr  Maafaaum  gpeefiT 


above  style  of  pump  (ibelted)  can  often  be  used 
ations  quite  inaccessible  for  economic  steam  de- 
;  can  be  belted  to  and  operated  by  electric  motor, 

direct  or  alternating  current  or  can  be  belted  to 

in  turn  operated  by  any  available  power. 
tn  water  works  and  Electric  plant  are  under  same 
jement.  pump  can  balance  fluctuations  in  electric 
thtis  increasing  the  efficiency  of  plant  as  a  wholt. 
:h  cases  it  is  best  to  have  two  or  three  pumps  of 

capacity,  rather  than  in  one  unit  and  have  them 
:ted  with  "cut  out  couplings"  so  that  one  or  all 

pumps  can  be  started  and  operated  without  stop- 
^he  electric  machines.  Such  pumps,  operated  by 
id  oil  engines,  electric  motor,  etc.,  are  much  used 
olated  service  where  constant  attention  cannot  be 


ut  of  Triplex  see  Part  2.  page  i6. 

Centrifugal  Pumps. 
•    circulating    water    through    surface    condensers, 
ing  out  excavations,   coffer-dams,  etc.,  m  \TT\^'a,- 
i/t/ngr  sewage  or  water  at  filter-beds,  \n  excaN^XAiv^, 
It,  sand,  gravel,  etc.,  where  ample  supsp\y  oi  vj^X^t 

28q 


. -a^..       .SI;        >     - 


Ions  in  deciding  on  size  of  pump  to  use  assume  square 

i  diameter  of  suction  equals  discharge  of  pump  in  cii. 

^  per  hour. 

;  Table  No.  185 

MCLE  Side  Suction  Pumps,  With  "Direct  Connkct- 

ed"  Vertical  Engine.     (Same  bed  plate.)    

(The  Lawrence  Machine  Co.) 


No.  of 
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Size  of  Pipe. 
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CHIMNEYS  AND  STACKS 

Should  be  higher  than  surrounding  or  near  by  biiild- 
iigs   or    hills,    otherwise    wind    from    the    direction    of 
inan  impair  the  efficiency  of  draft. 
"  For  combustion  in,  air  required,  fuel,  etc.,  see  Tables 
Sos.   146  to  150  inclusive. 

Table  No.  171  gives  the  diameter  and  height  of  chim- 
neys for  a  given  horse  power;  it  is  based  on  a  coal 
aonsumption  of  5  lbs.  per  horse  power  hour  or  an  evapo- 
"mtion  of  7  lbs.  of  iwater  per  lb.  of  coal. 

It  is  not  safe  to  assume  less  than  5  lbs.  of  coal  per 
■orse  power  hour  for  small  inefficient  plants ;  draft  is 
3lten  checked  in  such  plants  by  long  passage  with 
iends  before  reaching  the  stack,  while  the  thin  metal  of 
%  tends  to  quickly  allow  chilling  of  the  contained  gases, 
Atis  increasing  their  weig^ht  per  unit  of  volume  and 
^naterially  reducing  the  velocity  of  their  exit. 

Many  modern  efficient  plants,  with  good  brick  chim- 
ney use  less  than  2.5  lbs.  of  coal  per  horse  power  hour ; 
For  such  plants  chimneys  will  answer  for  double  the 
Torse  power  given  in  the  table ;  for  any  other  coal  basis, 
-he  horse  power  can  be  quickly  found  by  proportiou. 
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-ong  flues  reduce  chimney  draft  about  lo  per  ceni. 
lOO  ft.  of  flue  within  the  limits  of  practice,  counted 
m  grate  to  chimney. 

Downward  flow  of  gases,  being  in  a  direction  oppo- 
^  lo  that  caused  naturally  should  -be  avoided  unless 
advantage  gained  compensates  for  the  loss  in  draft 
;ssure. 

Circular  Chimneys. 
iiave  the  outside  diameter  at  the  bottom  about  one 
ith  the  height  and  batter   from  three-tenths  to  one 
arter  inch  per  foot. 

kVith  less  than  5  ft.  top  internal  diameter,  thickness 
brick  work  at  top  should  be  one  brick  and  increase 
e  brick  in  thickness  for  every  30  to  36  ft.  toward 
:tom.  If  greater  than  5  ft.  in  top  diameter,  make 
ckness  one  and  one  half  brick  with  same  increase  as 
>t  given  toward  bottom. 

Por  wind  strains  use  rules  given  under  Stand  Pipes, 
?€  260. 

Octagon  and  Hexagon  Chimneys, 
\s  a  rule,  on  account  of  the  greater  amount  of  brick 
:  cu.  yd.  of  finished  work  (less  mortar)  in  an  octa- 
n  or  hexagon  chimney,  the  wind  strain  is  better  re- 
ted  by  the  octagon  or  hexagon  chimney  than  by  the 
cular.  By  using  special  corner  brick,  all  work  for 
i  masons  is  "straight'*  and  the  cost  per  cu.  yd.  laid 
generally  less  than  for  circular  chi-mney. 

Square  Chimneys. 
If  a  square  chimney  is  to  be  constructed,  place  it  so 
U  one  diagonal  line  of  the  square  (will  be  in  the  direc- 
•n  of  "prevailing  winds;"  this  will  increase  its  stability 
time  of  gale  or  cyclone  over  what  it  would  be  if  wind 
essiire  was  at  right  angles  to  one  face  or  side. 

Pyrometer  Tests. 
The  average  temperature  of  the  gases  escaping  to 
e  chimney  should  be  taken  frequently  or  at  least  once 
r  month  when  plant  is  running  under  "every  day" 
irking  conditions;  tests  should  be  made  at  least  once 
r  hour  during  the  days  run. 

BOILERS 

Should  be  safe,  durable  and  efficient.  Plates  thicker 
an  one-half  inch  should  not  be  used  where  exposed  to 
e  oxidizing  or  burning  action  oi  fire,  ioT  \i  t\v^^  ^x*" 
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hot  water  under  iod  l 
',   a    s-nddentj  neleaad 
ii  is  o-f  i^  greite^t  : 
tS'  tbta^'cpic  made  t^  nrst  cor 
ggkctiag  a.  bottcr.     No  boiler  is  safe,  hoi 
i   ^aocpcTienccd   persons.     As  a  ; 
tiie  "va&er  tisbe  boiler  is  safest  becau^  a 
ngPTifigd  teak  in  ttibe  or  header  t 
m  puilMm  of  tte  stored   energy;  water  1 
escploded  and  caused  senooi  \ 
On  acoQtini  of  limiting  ■ 
tulialar  boilers   are    seldom  made  I 
T3»  Ifcs^  pressure^  internally  fired  boilers. 
wUe  ^iic  ^nkalf  diajxi.  of  tubes  permit  safe  v 
of  30B,  300  aiifti  in  exceptional  cases  a 
K^  ja«  £^  ^pcfttcire  with  tiie  water  tube  tjrpe. 

^Qt  hoi^  4&eEL  opeti  hearth  steel  or  wrought  Iron  U 

Im&i  tte  mj»iagx.  ten^e   strength  of  material  used  i 

rltfriT  pf^ctice  is  from  4^^,000  to  60.000  lbs.  §q.  in- ' 

T<^L]«tt.     It  wiH^  i«4jc!i  good,  stand  bending  back  on  < 

:>«ii  ^Mthma  rtipttire  ivhen  cold. 

^"^cuftUe  mcicd  llotlers  are  about  1.25  times  as  str 
A&  s£>qele  riT^i^  ciees«  hamx  can  be  about  one  Sfth  t 
:Kt.    Ijip  ^wehteil  bo^jers  are  aliout  1.75  times  as  ; 
-■  '-^^^  rrrrted  botlers  aufl  ctin  be  made  of  material  1 


Working  Pressure. 
f  boilers  are  in  "battery"  the  working  pressure  should 
er  exceed  that  of  the  safe  pressure  for  weakest 
er;  all  safety  valves  should  be  set  to  blow-off  at  this 
ssure.  If  one  of  the  boilers  is  much  weaker  than 
others,  either  arrange  to  "cut  it  out,"  using  it  for 
le  auxiliary  service,  or  replace  it  by  a  new  good 
;.  A  i)Oor  man  in  a  "gang,"  horse  in  a  team,  or 
ler  in  a  battery,  set  the  pace  for  the  others  and  do 

•  PAY, 

Safety  Valve. 
lach  boiler  should  have  a  safety  valve  of  ample  size 
ictly  connected.     For  lOO  h.  p.,  not  less  than  4  inch 
re  should  be  used,  other  sizes  in  proportion.     Test 
h  safety  valve  every  day. 

Pressure  Gauge,  etc. 
!ach  boiler  should  have  pressure  gauge  tested  by 
able  standard  at  least  every  month  or  six  weeks, 
not  depend  on  glass  gauge  for  water  level  but  use 
ge  cocks  also;  never  carry  less  than  5  or  6  inches  of 
er  above  the  flues  at  highest  end.  Keep  gauge 
ks,  glass  gauge,  water  column  and  connections  clean ; 
IV  out  glass  gauge,  and  water  column  two  or  three 
es  per  day. 

Capacity  of  Boilers. 
See  note  under  Table  No.  174. 
n  1876  when  the  American  Society  of  Mechanical 
jineers  adopted  the  Centenial  Standard  of  30  lbs.  of 
;er  evaporated  per  hour  from  a  feed  water  tempera- 
?  of  100  deg.  Fahr.  at  70  lbs.  pressure  (as  given 
ler  table  No.  174)  as  equivalent  to  a  horse  power  or 
XX)  foot-pounds,  the  average  pressure  carried  was 
ch  less  than  too  lbs.  To-day  many  compound  con- 
ising  engines  are  running  under  more  than  150  lbs. 
ssure.  In  1876  it  took,  in  the  majority  of  cases 
re  than  30  lbs.  of  water  per  h.  p.  hour ;  now  the  best 
fines  are  running  on  an  average  of  perhaps  slightly 
r  one-half  as  much  or  say  from  less  than  15  to  more 
n  20  lbs.  and  this  amount  includes  that  required  to 
rate  necessary  auxiliary  apparatus  such  as  water 
!  air  pumps. 

Heating  Surface. 

See  Table  No.  175.  . 

calculating  the  horse  power    of  boWets  ^\\o^   ^ 
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^4-^  equals  4350  lbs.  of  water  per  hour  for  125  h.  p. 
ler;  this  divided  by  8.407  gives  517  lbs.  of  coal  per 
ir.     If  12  lbs.  of  coal  are  burned  per  sq.  ft.  of  grate 

hour,  we  have  43  sq.  ft.  of  grate  surface,  or  say 
sq.  ft.  as  necessary  to  run  the  above  boiler  on  above 
I  under  assumptions  taken.  This  area  should  be 
perly  proportioned  to  the  boiler,  limiting  its  depth  to 
m  6  to  7  ft.  to  insure  efficient  firing, 
"oals  high  in  car<bon,  non-<:aking,  require  grate  with 
all  openings  and  a  high  stack,  see  table  No.  187,  so 
to  create  a  high  draft  pressure  to  force  air  through 
all  spaces  in  the  coal  bed. 

iighly  volatile,  caking,  coals  require  grate  with  large 
jnings  and  ample  cross-section  of  flue  and  stack. 
;t  is  evident  that  a  grate  surface  of  proper  design 
i  area  for  one  kind  of  coal,  will  not  be  efficient  with 
lers.  If  plant  is  constructed,  it  is  well  to  try  from 
le  to  time  a  car  load  of  various  coals,  and  if  a  good 
eman  is  in  charge,  he  will  soon  tell  which  is  best  to 
•e. 

Tests  should  be  frequently  made,  ist  to  determine 
le  comparative  value  of  the  fuel  used ;  2nd  to  deter- 
ime  the  amount  of  unconsumed  fuel  remaining  in  the 
shes.  The  first  in  a  measure  will  check  the  fireman's 
ipinion,  while  if  the  coal  companies  know  you  are  mak- 
ng  such  tests,  they  will  be  more  apt  not  to  be  "careless" 
n  filling  your  order.  The  second  will  assist  in  decid- 
ng  whether  the  grate  bars  and  fuel  are  adapted  one  to 
:he  other. 

In  horizontal  tubular  boilers  grate  for  best  eflFect 
?hould  be  from  2.5  to  3.  feet  from  boiler  and  there 
should  be  about  30  feet  of  grate  surface  for  each  5  ft.  x 
f6  feet  of  boiler. 

Air  Leaks. 

Fill  all  crevices  around  connections,  doors,  cracks, 
rtc  Unless  you  wish  to  waste  coal,  all  air  must  enter 
through  the  fire. 

Steam  Leaks. 

800  drops  per  minute  (see -page  253),  amounts  to  a 
barrel  per  day  or  over  7,000  cu.  inches.  To  waste  this 
from  steam  pipes  means  a  waste  of  the  fuel  necessary 
to  make  7,000  cu.  ft.  of  steam  (see  page  281),  yet  how 
often  does  the  carelesis  engineer  or  firematv  petrcvxV  \\., 
'•'Specially  on  public   works,   and  blame  tV\e  \>o\\tt   lot 
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If  of  proper  design,  they  will  save  from  lo  to  13 
ler  cent,  of  cost  for  fuel  in  most  cases,  while  in  others 
Ktnal  tests  have  shown  a  saving  of  over  20  per  cent. 
From  this  should  be  deducted  interest  on  the  cost  or 
ic  heater  plus  cost  to  maintain.  Two  of  the  most  im- 
lortant  advantages  of  heating  feed  water  that  cannot 
le  accurately  reduced  to  a  money  value  are,  ist.  Their 
lae  prolongs  the  life  of  the  boiler  by  reducing  the  varia- 
aon  in  temperature  to  a  minimum,  thus  preventing  ex- 
sessive  expansion  and  contraction.  2nd,  Heating  feed 
ivater  as  explained  under  *' Boiler  Waters"  and  as  given 
in  Table  No.  106  tends  to  remove  by  precipitation  a  ml 
atiierwise  much  mineral  and  other  matter,  oil,  etc..  from 
!]ie  water  before  it  is  delivered  to  the  boilers. 

Feed  water  heaters  can  be  used  to  advantage  between 
grlinder  and  air  pump  in  condensing  engines. 
Feed  Pump 

Should  run  continuously  and  at  a  nearly  uniform  rate ; 
biro  pumps  running  alternately  are  preferable  for  larger 
■ttes  of  boilers ;  have  feed  pipe  of  ample  size  and  not 
hss  than  2  inch  for  100  h.  p.  boiler;  other  sizes  in 
proportion.  If  feed  water  is  heated  above  212  de^.  Fahr. 
hj  Economizer  or  otherwise,  feed  pipes  should  be  in- 
creased in  size  in  proportion  to  increaseed  temperature. 
Water,  Steam,  Evaporation,  etc. 
See  Tables  No.*s  168,  172,  etc. 

The  best  boilers,  when  properly  set  and  fired,  will 
evaporate  from  7  to  more  than  10  pounds  of  water  per 
pound  of  first-class  coal. 

As  explained  on  page  280,  if  heat  be  applied  to  water 
at  the  boiling  point,  its  temperature  will  not  be  increas- 
ed but  the  heat  will  be  absorbed  in  performing  work  in 
transforming  the  water  into  steam.  Steam  at  this  in- 
stant is  called  saturated  or  dry  steam  provided  it  is 
^€e  of  entrained  waters. 

Table  No.  189 

Unit  Measures  of  Water  With  Equivalents. 
I  cubic  foot  of  water  equals     62.3791   lbs. 
I  cubic  inch  of  water  equals        .03612  lbs. 
I  gallon  of  water  equals  8.338      lbs. 

I  gallon  of  water  equals  231.  cvx.  m. 

/  cubic  foot  of  water  equals      7.476      ^aWoTv?>. 
J  pound  of  water   equals         27.7  cu.  '\t\.. 


Condensation  in  Pipes. 
(See  also  page  307.) 
Those  familiar  with  steam  or  hot  water  heating  real- 

the  necessity  of  properly  covering  steam  pipes  in 
ler  to  reduce  condensation  of  the  enclosed  flowing 
earn  of  steam  to  a  minimum.  In  the  ordinary  ex- 
sed  location  of  such  steam  pipes  from  boiler  to  engine 

steam   pump,  condensation  is  often  as  high  as  0.5 

I  pound  per  sq.  ft.  of  exposed  uncovered  pipe  per 
ur.     Fair  covering  will  reduce  this  at  least  one-half 

to  0.25  to  0.5  pound  per  sq.  ft.  per  hour,  where 
;am  is  not  superheated,  while  the  best  of  covering 
11  do  even  far  better  work,  depending  on  exposure. 

Superheating. 
To  superheat  means  to  add  heat  to  a  steam  beyond 
at  due  to  pressure  as  explained  on  page  280.    It  tends 

evaporate  entrained  water.  Numerous  experiments 
low  that  within  practical  limits,  the  gain  in  work  per- 
>rmed  by  using  a  superheated  steam  over  dry  steam 
verages  albout  i  per  cent,  for  each  7  or  8  degrees  of 
uperheat.  " 

70  to  80  degrees  (Fahr.)  superheat  would  therefore 
Increase  the  work  that  could  be  performed  about  10 
per  cent,  over  dry  steam  or  about  12  to  15  per  cent,  over 
fair  average  /'commercial  steam."  If  superheating  is 
carried  to  a  point  sufficient  to  evaporate  the  entrained 
water  and  to  prevent  condensation  in  the  steam  pipe, 
<lry  steam  will  be  delivered  to  and  initial  condensation 
reduced  or  prevented  in  the  cylinder.  This  results  in  a 
decided  advantage  in  reducing  "engine  waste ;"  increases 
the  amount  of  net  work  performed;  reduces  liability  of 

'blown  out  cylinder  heads"  especially  in  the  many  mod- 
ern plants  where  ''clearance  space"  is  reduced  to  the 
lowest  possible  minimum  consistent  with  safety.  In 
special  lines,  superheating  is  a  positive  necessity  and  of- 
ten the  special  apparatus  is  costly  and  expensive  to  oper- 
^^6  and  maintain. 

Certain  modern  boilers  are  so  constructed  as  to  super- 
heat, by  waste  gases  on  their  way  to  the  stack,  from  20 
^0  30  or  more  degrees ;  often  this  amount  is  sufficient 
|o  provide  for  the  advantages  above  mentioned,  espec- 
ially if  steam  pipe  to  engine  or  pump  \s  shott. 

Separators  and  Receiveiis. 
introduced  in  the  line  of  steam  pipe  c\os^  \.o  \.\v^  w 


gine  tedd  to  prevene  initictl  condensation  in  the  grl 
der  by  ihc  delivery  of  a  dry  steam  to  it ;  they  are  all 
used  with  success  between  cylinders  of  compound 
compoutid  condensing  engines.  If  of  good  de^ip  wi 
proper  diverging  plates  or  so  arranged  as  to  depeii4 
ceatrifuga.!  force,  the  contained  water  is  separated  h 
the  steam.  Their  use  in  connection  with  ampk  ii 
iK:EiVEii  is  preferable;  especially  w'hen  rate  oi  ex] 
&:on  in  cylinder  is  high  or  where  steam  pipe  h  long 
of  too  small  rather  than  too  large  diameter, 

Assumin^f  average  engine  to  "cut-ofF'  at  one-^i 
stroke  it  is  evident  that  the  velocity  of  steam  to 
the  supply  pipe  during  ''period  of  admission"  will 
four  times  as  great,  when  a  receiver  is  not  used*  as 
nearly  constant  velocity  that  can  be  maintained  wl 
one  is  used*  In  other  words  a  velocity  of  too  ft 
second  during  period  of  admission  can  be  reduced  ti> 
the  reasonable  velocity  of  about  25  ft.  per  second  A 
receiver  therefore  tends  to  **keep  up'*  the  head  and 
pressure  of  steam  at  the  cylinder,  reduces  friction  m 
pipe  lines,  and  to  a  minimum,  the  effects  of  engiflc 
pulsation. 

When  steam  is  properly  superheated,  dry  steam  wll 
be  delivered  to  the  engine  and  a  separator  is  not  neces- 
sary ;  often,  however,  they  will  do  the  work  of  separa- 
tion for  less  money  than  it  would  take  to  prevent  Ibe 
necessity  of  separation  by  efficient  superheating;  agiia 
their  use,  even  when  steam  is  superheated  tends  to  in- 
sure the  removal  of  steam  pipe  condensation  water  at 
times  when  the  degree  of  superheat  may  not  he  suffix 

icient  10  prevent  its  formation. 
I  Steam  Dkum   axd  Trap 

[Differ  little  in  work  performed  from  Separator  an<l 
Receiver, 
r  STEAM  ENGINES,  ETC 

I  Horse  Power  of  Steam  Engines. 

The  indicated  horse  power  of  a  steam  engine  lor 
each  pound  mean  effective  pressure  (m.  e.  p.)  equal? 
(area  of  piston  in  sq.  inches  x  speed  of  piston  in  ictl 
per  minute )  divided  by  S3. 000.  This  quotient  multipHcd 
hy  (m.  e.  p, )  equals  the  \nd\t^l&4  Vioxst  -^v^w. 
The  af>ove  ciuotienl  mu^upWctd  h  l>a^  ^x^T^^a^t  ^xts.^ 
t^imls  the  NOMiNAt-  HOttsm  povvB*. 

7^he  ACrrAl-  HOUSE  POWEm  V^  l\^e  \^d\c^l^  Wjj 


''^'Ss  power  expended  in  overcoming  friction;  or  indical- 
^d   h.  p.  less  10  to  15  per  cent,  of  total  power  in  most 

Tables  No/s  176  and  177  are  so  arranged  as  to  give 
^^«  horse  powder  of  engines  with  cylinders  varying  from 
^c>  to  60  inches  in  diameter,  when  steam  is  cut-off  at 
different  points  of  stroke  with  engine  running  at  sov- 
"^X"al  different  piston  speeds;  sec  example  under  table 
^^o.  177.  Example  showing  application  of  above  rule 
^O  smaller  engines  than  those  given  in  Table  No.  177. 

Required,  The  horse  power  of  a  single  cylinder  non- 
condensing  engine  with  4  inch  cylinder,  cutting-off  at 
^^ne-fourth  stroke  and  running  at  piston  speed   of  500 
*"t.  per  minute,  under  85  lbs.  gauge  pressure.     Area  of 
I>iston   by   Table   No.   54  equals    12.566  sq.    inches;   by 
^bove  rule  we  have    (12.566  x  500)    divided  by  33.000 
'Equals   0.19   horse  power    for   each   pound   mean    effec- 
"^ive  pressure;  adding  to  85  lbs.  gauge  pressure,   15  lbs. 
to  obtain  the  absolute  pressure  as  given  on  under  Table 
^o.    176  we  have  100  lbs.  as  the  absolute  initial   pres- 
sure.     In   table   No.    176  opposite   100   lbs.   in   the   first 
column,  find  under  one-quarter  (0.25;  stroke,  59.63  lbs. 
as  the  average  pressure  throughout  the  stroke ;  deduct- 
ing 17  lbs.  for  back  pressure  (it  may  be  more)  for  non- 
condensing  engine  as  mentioned  under  Table   No.    176 
and  we  have  42.63  lbs.  as  the  net  mean  effective  pres- 
sure; therefore  by  above  rule  we  have  42.63  x  0.19  h.  p. 
equals   8.09   horse   power    (Indicated).      Deducting    10 
pe/  cent,  for  friction  we  have  7.29  horse  power  as  the 
NET  or  ACTUAL  HORSE  POWER  undcr  the  conditions  given. 

To  FIND  THE  DIAMETER  OF  A  CYLINDER  of  aUV   eup^ine  of 

a   required  nominal  horse  power: 

Rule. — Divide  5,500  by  the  velocity  of  the  piston  in 
fei't  per  minute,  and  multiply  the  quotient  by  the  re- 
qvired  horse  power,  the  product  will  be  the  area  of 
piston  in  square  inches;  from  this  the  diameter  can  be 
obtained  by  referring  to  tables  No.'s  52  to  54  B. 

To  FIND  THE  EFFECTIVE  POWER  OF  AN  ENGINE  BV  AN  IN- 
D7CAT0R : 

Rule. — Multiply   the    area   of    the    piston    in    square 

inches  by  the  average  force  of  the  steam   in  pounds; 

multiply  this  product  by  the  velocity  oi  V\v^  v^'a\c>xv  ve 

feet  per  minute;  divide  this  last  product  \iy  '>)^,QCic>,  -^x 

7'io  oi  the  quotient  will   be  the  ef^eet'w^  \>onn^^.    "^ 
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travel  in  feet  o£  a  piston  is  found  by  multiplyiftf 
distance    h    trav'^els    in    inches    per    one    stroke  by  tl 
w'lole  number  of  strokes  per  minute;  dividing  this  pi 
duct  by  12  gives  the  nmnber  of  feet  the  piston  travi 
per  minute. 

A  hiiiidred  pages  could  be  here  inserted  rerlative 
iLe  action  of  steam  in  a  cylinder;  otiier  rules,  tabH 
multipliers,  etc.,  may  give  slightly  different  Tt^i\\\ 
but  the  above  will  cover  all  cases  ne-ar  enough  for  pi 
t!cd  puj-poses.  especia^Uy  when  the  poijit  of  cut-oi  In 
the  (ivcriige  engine  considered  would  not  be  known 
within  several  hundredths  or  possibly  a  tenth  and 
where  there  are  always  so  many  outside  factors  to  **up> 
set"  refined  calculations,  Tbe  Expert  in  such  casd 
generally  has  to  make  from  one  to  a  dozen  assumptioos 
before  h\.  signs  his  najne  to  a  report,  interesting  thougb 
i'.  ma  bn  in  its  array  of  figtires,  the  practical  every  day 
nan  has  not  the  time  to  digest  them;  he  wants  to 
know  *'what  she  will  doT'  'Vhat  will  it  cost  in  coal  W 
run  her,  everything  considered.*' 

The  best  point  of  cut-of¥  in  the  average  engine  can 
generally  be  determined  by  dividing  2.5  by  the  sqyare 
icio^  of  the  initial  pressure.  For  condensing  engines 
figure  pressure  from  vacuum ;  for  non- con  den  sing,  frop 
at  mo  sphere- 
No  n-con  den  sing  engines  are  seldom  running  econom- 
ical if  point  of  cut-off  is  earlier  than  one-fourth  stmkCt 
when  steam  pressure  is  les&  than  100  lbs. 

Cutting  oflf  earlier  increases  cylinder  condensation, 
Cutting  off  later  means  increase  in  exhaust  pressure  to 
the  point  where  useful  foot-pounds  of  work  are  wasted 
by  delivery  into  the  atmosphere;  if  they  mtist  be  50 
wasted  make  thetn  heat  feed  water  -or  perform  some 
other  duty. 

Slide  Valvk. 

Stroke  of,  etjuals  2  x  lap  plus  2  k  width  of  steam 

port.     One-half     the  '*throw"  of  valve  should  at  leas* 

equal  the  lap  on  the  steam  side  plus  breadth  of  portj 

if  breadth  is  not  sufficient  to  give  the  required  are; 

crease  throw  of  the  valve. 

Lap  of, — For  any  g\\et\  v^mi  tA  c^aX-c^S, 

Outride  lap  means  '*stc^m  Up^r     \m\isL   \a.^ 

1    exJiaiTst  Jap. 


Divide  length  of  stroke  after  cut-off  by  total  length 
of  stroke;  find  square  root  of  the  remainder  (use  tables 
No.  46,  etc.')  Multiply  the  square  root  found  by  one- 
half  the  throw  of  valve  and  then  subtract  one-half  the 
lead  of  the  valve  and  the  remainder  equals  lap  required. 

Increase  throw  of  eccentric  when  lap  is  increased, 
Lap  on  steam  side  must  always  be  greater  than  on  ex- 
haust side;  the  difference  between  lap  on  the  two  sides 
should  increase  as  piston  speed  increases.  In  fast  run- 
ning engines  exhaust  valve  should  open  in  ample  time 
for  proper  escape  of  steam. 

Expansion  by  lap  with  slide  valve  operated  by  eccen- 
tric alone,  ought  not  to  exceed  0.3  stroke;  if  greater,  in 
most  cases,  efficient  operation  is  checked. 
How  TO  Set  Slide  Valve. 

Place  crank  at  centre  with  eccentric  at  right  angles 
with  crank;  place  valve  in  centre  of  its  line  of  travel, 
with  rocker  at  angle  of  90  degrees  with  both  cylinder 
and  crank  pin;  next  adjust  valve  gear  to  its  proper 
length  and  move  eccentric  ahead  until  valve  has  lead 
desired ;  fasten  eccentric  and  turn  crank  to  other  centre ; 
if  lead  is  equalized  engine  will  run  properly. 

The  chances  are  more  than  even  that  it  will  not  be. 
Move  eccentric  back  and  ahead  until  it  is.  If  lead  is 
unequal  on  account  of  wear,  take  it  up  with  brass  or 
tin  behind  or  in  front  of  box  connecting?  rocker  and 
valve  rod. 

TYPES  OF  ENGINES 

When  outside  factors  do  not  limit  your  choice,  re- 
member when  selecting  an  engine  that. 

1st.  The  cost  of  a  net  horse  power  decreases  as  the 
pressure  increases. 

2nd.  The  cost  of  a  net  horse  power  increases  as  the 
measure  of  expansion  is  increased  beyond  the  point  of 
minimum  cost. 

3rd.  When  measure  of  expansion  in  decreased  below 
the  point  of  minimum  cost,  the  cost  of  a  net  horse 
power  is  increased  but  not  as  rapidly  as  in  case  just 
above  given. 

Whether  plant  be  Compound  Condensing,  single  cvl- 

inder  non-condensing  or  otherwise,  the  ^Te^.\.c?>\.  ^Qjc>xvcrKv 

IS  obtained  when  "load"  is  nearly  ii  not  c\>\\\.^  ^^Lm\oT« 

Hence  the  reason    why    many   direct   pvwu-^Vxv^  ^' 
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w.  -T-ivr  >\>ten-i>  co>t  much  more  to  operate  than  exaa 
i:ij>lica:e  of  plant,  but  pumping  to  standpipe;  in  the 
nr>:  ca>e  pump  must  respond  to  each  fluctuation  in  de- 
n-.ind  Id  a  greater  or  less  degree,  while  standpipe  pro- 
v:de>  for  it. 

I:  Hi  so  accounts  for  many  electric  plants  being  able 
to  operate  for  less  money  with  inefficient  non-condens- 
::  g  eng-nes  with  one  engine  for  each  one  or  t>\^'0  ma- 
^h^nes.  than  when  same  machines  are  all  connected  and 
driven  by  one  large  engine  of  high  efficiency  not  prop- 
erly arranged  with  sufficient  cut-out  couplings,  etc. 

Like-  the  horse,  see  page  172,  an  engine  must  be 
Jidapied  to  the  work  to  be  performed  or  efficiency  of 
I'ant  as  a  whole  will  be  low,  no  matter  how  great  the 
eniciency  of  engine  or  the  separate  efficiency  of  ma- 
jh::]c>  rv.n  by  it.  The  author  recently  made  an  examina- 
tion ■:»:"  a  5.000  h.  p.  plant,  where  thousands  of  dollars 
h.id  been  expended  for  every  conceivable  modem  en- 
g::f  and  boiler  appliance,  but  because  of  not  being 
:id:i*-:ed  to  tht  work.  Stokers  and  everything  down  the 
■•Tu-  :  ■  Cooling  tower,  did  not  help  an  efficient- engine 
■  ■•  -r.^^nie  neglect  on  the  part  of  the  designer  of  adapt; 
:ig  pia::t  10  the  load,  thus  resulting  in  a  3.25  lbs.  coal 
co-i-uniption  per  h.  p.  hour;  a  consumption  that  would 
n«.  t  have  been  exceeded  by  a  properly  designed  single 
.\v;inder  engine  plant,  costing  not  over  one-fourth  the 
ii-i-'ir.cy.  but  not  qniie  a>  pretty  to  *iook  at."  It  is  such 
rugjtct  so  often  seen  that  prompted  the  remarks  on 
!:;gf  240.  under  Steam  and  Fuel  Notes. 
Quality  of  Steam. 

"Calorimeter  tests**  should  be  made  from  time  to 
time  t',^  determine  the  amount  of  moisture:  they  show 
"'ofTcct  *  often  oi  a  cause  that  would  not  otherwise  be 
d(  >cted :  always  use  dry  or  superheated  steam  as  be- 
f  Te  mentioned. 

ExP.\xsiox. 

Wide    ratios    of   expansion    are,    other    things    being 
e'jiial.  conducive  to  economy. 

In   compound  condensing  plant  with   initial   pressure 

^^ Range)  at  or  slightly  above  100  lbs.  and  ratio  of  about 

10   to    I    between   it   and  Te\e^?^t  ^t^^^mt^  \3tve:  x^lative 

areas  of  cylinders  oug\\t  to  \>e  iiorcv  *>>  \a  v^xa  \,>«;\^ 

proper  measure  or  amovint  oi  e"3^^3LTv?AOTv\  ^-s.  v^^'t.^vix^' 
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-eased  ratio  of  areas  within  limits  can  increase  in 

portion. 

'or  compound  non-condensing  plant,  under  like  con- 

ons,  make  ratio  of  capacities  or  areas  from  2.8  to  3.1 

I. 

n  a  single  cylinder,  expansion  of  steam  is  practically 

ited  to  from  4  or  5  to  i,  on  account  of  the  heavy 

J  from  condensation  due  to  great  difference  in  tem- 

ature;  compounding  divides  the  change,  reduces  the 

ount  of  change  in  temperature  in  one  cylinder  and 

ults  in  a  practical  gain  in  work  of  the  steam  of  about 

per  cent.,   average  over  single  cylinder  condensing 

jine.     The   gain    in    running   compound   condensing 

:r  single  cylinder  non-condensing  will  average  more 

n  double  the  above  or  more  than  30  per  cent. 

Cylinder  Condensation. 
Kn  indicator  does  not  register  steam  lost  in  conden- 
k)n,  leaks,  etc.  With  good  engines  the  amount  lost 
x>ndensation  will  vary  with  type  and  make  of  engine, 
•"ering,  exposure,  etc.,  but  in  per  cent,  of  indicated 
ani  consumption  will  amount  to  from  one  eighth  to 
t  sixth  X  the  square  root  of  the  ratio  of  expansion ; 
5  should  be  added  to  indicated  consumption. 
'Ratio  of  expansion"  equals  initial  pressure  divided 
release  pressure. 

Condensation  in  Steam  Pipes. 
Sec  also  page  300. 
[n  winter  condensation  of  steam  is  frequently  as  higli 
one  pound  per  sq.  ft.  per  hour  in  exposed  uncovered 
)e  lines;  the  best  of  covering  will  reduce  the  amount 
)ni  75  to  90  per  cent. ;  poor  covering  from  25  to  50 
r  cent. 

In  summer  or  in  rooms  kept  at  summer  temperature 
e  amounts  will  not  as  a  rule  exceed  over  one-half 
3se  given  above. 

Condensation  water  in  pipe  lines,  delivered  to  and 
ising  havoc  in  engine  cylinder,  is  often  attributed  to  a 
riming  boiler"  when  as  a  matter  of  fact  the  boiler 
ly  be  doing  good  work  delivering  dry  steam.  Erect 
>es  so  that  they  will  properly  drain  to  receiver  or 
ler  point  where  water  can  be  removed. 

Condensers. 
^en  steam  is  exhausted  into  the  atmospVveTe  >^v^t^  X"?* 
ck  pressure  -due  to  its  weig-ht  or  at  sea  \eve\  aV^oNix 


:^r  !.-.  iier  -:.  n.  'Z.:mhsisi£r  ami  air  pan^  removes 
vdV  ii  -iiii  laciv  ir'ii^are:  r-mcvtssp  ir  amotxnts  to  the 
'■-.rr.t^  Tiinii  i>  liLfiirr;  in  exmitiltint  annocnr  to  the  steaa 
•----IT'   ui'i   i7:!i*iu:=nir5   nn:   rie  izzac-aphere. 

■f-TLrj^n  :— m  inarac  rfiimier  iiacharge^  rmo  a  closed 
-;"--«:■  nn:  i  ^jnj  :r  ihcwer  jC  :a:LC  irazer  resulting  in 
:\n»:rn-iraf  ricii  ri  fn  :£  ^okkh  biic  =.eariT  hs  original 
-.i-jHc  -f  vir^r  :r  :ne  m.  imfL  ■  See  inder  Table  No. 
:~-j.  T*!!:;-  ~»':ucrn:n  .n  -mrrrrm-  ca.33e5  ^arnal  Tacuran. 
I:  -::i:  r^'-'ir-ng  Kroi  laii  Trarer  -ifjd  n.^:  carry  a  per- 
:^"-::zt  :  iir  irA  ill  c-jjnnecrfocs  and  pipe  lines  were 
'i.r  ~:'.i":t  '  i:7-i  zie  rrmrensin^  wazer  was  sufficient  in 
i.TT'.Mr:-  Tcc  -■  Te  learec  by  r!ie  inccming  steam,  the 
1  :M:rr  \-:iz'.>:  'ift  perfect:  "isese  coaditSons  are  not  prac- 
-.yi.  in-:  n  t'le  i-'imge  ?-:o«i  coadenser  there  remains 
1  m:-:  :~"?f;ir'i  :r  frcm  J  :o  5  inches  of  mercnry;  as 
:::■:  ^-'-z'"  . :  :''e  irr?:>p£iere  is  balanced  bj  a  colnmnof 
«..,-..._..  1;:,—  ^:-ra:t!7  1:  ?ea  level,  of  30  inches  high 
:'--      •:.:•- i-t:    zri-^-    -v-.Th    fi:r  condenser   will  stand  at 


T- -  :.-:rr-:-^  '-i:;jr  being  heated  by  the  incoming 
-  -  -  -  r  -.  : -J  ■.:  s.r  -  "  i  ;  •:  -  •  :•  f  te  n  si-3n :"  this  with  the  air 
:"■  rr  :'--:  ^trAn-  i- :  .v^rer.  and  heated  water  are  with- 
•'Ti-\T.  '■  y  I'r.r  ir  7-.::np:  if  not  so  withdrawn,  their  ac- 
:::rr.-i'.r.\.-   .vruli  -:on  prevent  space  for  partial  vacn- 

Hor  Well. 

In  C"~.nden<:ng  plan:s.   feed  water  is  generally  taken 
from  :!ic  iiDZ  .vc!I  into  which  water  of  jet  condenser  is 
di -charged.      The   advantages    of   high   temperature  of 
feed  water  have  been  before  mentioned.    It  is  best  there 
fore  even  at  expense  of  loss  of  "one  or  two  inches"  of 
vacuum    to   use   but   reasonable   quantity  of  water  for 
condensation,  in  order  thai  vcattT  c^xv  \jfc  ^<^vs«^^W 
to  the   feed  water  healer  and  thtxvct  Xo  ^O^vt  \sKy\«\  ^ 
Relation  of  ''inches  of  vacuum'  to  temv^^VMt  q\  ^ 
given   in   following  tab\e. 


Table  No.  J90 

tTi\L  Vacuum  and  Corresponding  Temperature  of 
Water. 
Inches  of  Temp,  of  water  in 

Mercury.  Degrees  Fahr. 

O.  212 

II  190 

18  170 

22.5  150 

25  135 

27.5  112 

28.5  92 

29  72 

Injection  Water,  Amount  of. 
The  greater  the  efficiency  of  the  engine,  the  greater 
e  amount  of  the  heat  units  absorbed  from  the  steam; 
erefore  as  efficiency  of  engine  is  increased  the  work 
quired  of  the  condenser  is  decreased,  for  it  simply 
moves  part  of  the  heat  units  remaining  in  the  exhaust 
earn  from  the  engine;  that  is  the  injection  water  re- 
uces  the  temperature  of  the  steam  by  increasing  its 
wn  temperature  by  absorption  of  heat  from  the  steam ; 
le  amount  of  injection  water  will  therefore  depend  on 
le  temperature  and  quantity  of  the  exhaust  steam,  the 
imperature  of  the  delivered  water,  and  the  final  tem- 
erature  of  the  ejected  water  or  that  of  the  Hot  well. 
n  practice  the  temperature  of  Hot  well  varies  from 
00  to  130  degrees  Tit  is  more  economical  to  keep  it 
»igh.)  The  average  temperature  of  Injection  water 
or  the  year  as  used  in  the  average  plant  is  not  far  from 
lO  to  60  degrees;  under  above  conditions  the  amount  of 
vater  required  for  condensing  will  be  from  one  to  one 
^nd  one  half  gallons  per  minute  per  indicated  horse 
>o\ver  (depending  to  a  very  marked  extent  on  the  make 
*f  condenser)  or  say  an  average  of  albout  25  times  as 
^uch  water  will  be  required  as  it  takes  to  make  the 
team  condensed.  Water  Departments  frequently  de- 
're  to  know  the  amount  more  exactly;  when  they  do 
he  best  way  is  to  meter  all  used,  but  in  the  absence  of 
meter  Table  No.  172  in  connection  with  the  following 
ule  can  be  used. 

*VLE  TO  Determine  Amount    of    Inj^ctioi^    '^Kt^^. 
Subtract  the  temperature  of  the  Hot  weW  itom  ^Ccv^ 
ohite  terminal  temperature  of    the   stes^m   pVxxs   "Cw 


latent  iieat  units  given  opposite  the  tentiinaj  pres^mf 
in  Table  No,  172  (preS5urei>  are  given  in  i&t  culumn, 
latent  heat  in  4th  column)  call  this  result  A.  then. 

From  the  temperature  of  the  Hoi  well,  subtract  the 
temperature  of  the  Injection  water ;  call  thU  re&ult  B. 
then. 

Multiply  the  amount  of  steam  used  by  the  engine  h 
ponnils  per  mimtte  by  (A  divided  by  B)  and  tht;  result 
win  be  the  number  of  p4>unds  of  iwater  required  per 
mtrnite  /or  con  den  ^s  in  g.  Red  nee  to  gallons  or  other  unit 
by  Table  No^.  8,  ^h,  etc. 

The  cost  in  power  to  run  a  good  air  pump  and  Jtl 
Condenser  need  not  exceed  over  3  per  cent,  of  thai  of 
the  engine ;  it  is  often  less ;  the  net  saving  in  steuu 
through  using  condenser  depends  on  the  relative  rela- 
tion of  vacuum,  and  pressure  of  steam  on  piston,  but 
under  ordinary  conditions  it  will  average  from  15  to  25 
per  cent. ;  the  steam  saved  is  an  indicator  of  what  ought 
to  be  saved  in  the  boiler  in  fuel  if  the  remainder  ol 
plant  is  in  proper  shape* 

Do  not  place  condenser  more  than  .20  ft.  above  water 
suppfly,  and  lower  if  po!»sibIe. 

Where  several   engines  are  in  operation   in   or  near 
the  same  room,  one  large  or  "central"  oondenser  can 
be  used  in  lieu  of  one  for  each  engine  resulting  in  in- 
creased efficiency  of  the  combined  plant. 
Surface  Conbewtsers. 

Where  water  supply  used  for  condensing  is  not  fit  fOf 
boiler  uses  a  surface  condenser  can  be  used»  the  con- 
censing  water  being  passed  through  a  series  of  tubefv 
generally  of  brass  of  less  than  one  inch  in  diameter. 
e:K''oped  within  a  cylinder  into  which  the  exhaust  steam 
Ef: capes ;  where  there  h  not  sufficient  head  for  the  water 
to  run  in  and  out,  a  circulating  pump  must  be  used 
V'bile  air  pump  is  used  for  s^tme  purpose  as  with  Jet 
Ccinden.>prs. 

The  combined  area  of  tubes  (use  Table  No.  175)  mtist 

be  such  in  a  good  condenser  that  from  1.5  to  2  sq.  ft. 

ot  surface  is  provided  for  each  horse  power  of  engitici 

On  account   of   not  bems  m  ixiecX  ^<3iv\tict   with  the 

fttiim    condensed,  tbe  arrvoUTit  ol  ^^v^t  Ti9Eiji\Ttfe.  ^^ 

*ivcra^e  aLout  one-ftitb  mote  x\\a.u  \\v^\  t^o^Mlxxit^  \s^  \ 

Coiidenser,   assuming  saione  veu^ptI^mt1t  ^jlvv^v  ^^icv^Cxv^ 

In  goad    surface   con^ei^ser,  ovxi.   s^.  U.  ^\  V=S^ 


:face  will  condense  from  lo  or  12  to  more  thaii  14  lbs. 

<»f  steam  per  hour,  delivering  water  to  hot  well  at  tem- 
perature of  from  100  to  130  deg.  Fahr. 

A  better  vacuum  can  generally  be  maintained  by  using 
a  Surface  than  by  a  Jet  Condenser. 
Cooling  Towers. 
Where  there  is  an  absence  of  bnth  good  and  bad 
water  for  condensing  purposes,  or  where  all  water  has 
to  be  purchased  from  a  water  department,  a  Cooling 
Tower  may  often  be  used,  resulting  in  considerable  net 
gain  in  economy.  They  generally  depend  on  cooling  the 
exhaust  steam  down  to  the  temperature  of  the  hot  well 
by  means  of  an  air  current  produced  by  fan  or  other- 
wise passing  upward  through  a  tower  filled  with  dis- 
tributing plates,  while  the  cooling  water  passes  down- 
wards. The  cost  to  install  is  great,  but  often  warrant- 
ed. 

STEAM  PUMPS 

For  discharge  of  water  by  double  acting  plungers,  see 
Table  No.  178,  or 

To  FIND  THE  CAPACITY  in  cubic  iuchcs  of  any  Single 
Acting  Pump. — Multiply  the'  square  of  the  Cylinder  Di- 
ameter in  inches,  hy  .7854  and  by  the  length  of  Stroke 
in  inches.  This^product  divided  by  231  gives  the  Capac- 
ity in  Gallons  per  Stroke.  A  Double  Acting  Pump 
draws  water  on  both  forward  and  backward  motions  of 
the  Pump  Rod,  and  has  double  the  Capacity  of  a  Single 
Acting  Pump  when  running  at  Same  Piston  Speed. 

Or  multiply  the  area  of  plunger,  as  given  in  Tables 
No.  S^  to  54B  by  total  length  of  stroke  per  minute. 

Ordinary  speed  to  run  pumps  is  100  feet  of  piston 
per  minute. 

For  feed  water  required,  see  Table  No.  179. 

For  head  in  feet  and  equivalent  pressure  in  lbs.  see 
Table  No.  141. 

For  coal  required  per  million  gallons,  per  day,  see 
Table  No.  180. 

For  steam  required  to  operate  Duplex  pumps,  see 
Table  No.  181. 

For  horse  power  required  to  elevate  water,  see  Table 
No.  163. 

Or  multiply  the  gallons  per  minute  by  %.2>:>).    ^>3\'C\^V3 
th/s  product  by  the  feet  lift.    The  resu\\.  \s»  ioo\.  ^c>v\w^ 
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1^000  lo  reduce  to  horse  power  per  miratt 
[An  allowance  of  at  least  25  per  cent.  shctiM  be  Mt^ 
Qr  fnctlon,  etc.) 

Or  4ppro?timate!y.  multiply  the  Gal  Jons  pumped  ptf 
[mute  by  the  Head  in  Feet  and  divide  the  product  fcr 
and  the  result  will  be  the  Theoretical  Power  ^^ 
ircd,     Or^ 

To  n?ri>  ycAKrmr  of  water  elevated  in  one  minuw 
Winning  at  too  feet  [nstoti  speed  per  minute.  Sqiure 
he  Jiametcr  of  water  cylinder  in  inches  and  multipir 
4,  Example :  Capacity  of  a  five- inch  cylinder  h  ^ 
ired  -  the  square  of  the  diameter  (5  inches)  is  2% 
rhich,  miiltipled  by  4,  gives  100,  which  h  gallons  jwr 
Ltnute,  f  approstimatrly. )  Or,  multiply  the  area  of  tk 
tr  piston*  in  inches,  by  the  distance  it  travels  m 
in  a  given  time.  The  product  divided  bjf  231 
lives  number  ot  galtotis  in  time  named. 

To  FIND  THE  M  VM^TER  OF  A  PUMP  C^nJNDER  tO  mOWl 

feivcn  quantity  of  water  per  minute  at  100  feet  of  pisufl 
[Speed:  divide  the  number  of  gallons  by  4,  then  extract 
kthe  square  root,  and  the  result  -will  be  the  diameter  li 
[inches. 

I  wmi*  tnf.  YEUM^-tx  in  feet  per  minme  necessary  W 
:  a  given  volume  of  water  in  a  %iven  time,  fflU^ 
tiply  rhe  number  of  cubic  feet  of  water  by  144  and  fli* 
vide  the  product  hy  the  area  of  the  pipe  in  inches.  Us* 
Tables  5J  to  54B. 

To  FIND  tME   \R£A  OF  A  REQUIRED  PIPE,   the   VOlume  30^ 

velocity  of  water  being  given,  multiply  the  nnmber*)! 
cubic  feet  of  water  by  144*  and  divide  the  produui  % 
the  velocity  in  feet  per  minute.  The  area  being  founi 
get  diameter  of  pipe  necessary  by  Tables  52  to  S4B- 

Thf.  \kea  of  the  steam  pistox.  multiplied  by  tht 
^team  pressure,  gives  the  total  amount  of  pressure  exert- 
ed. Thf  v\rea  np  the;  water  ptstO!s%  multiplied  by  ^ 
pressure  of  water  per  sq.  in.  gives  the  resistance,  h  Uf^ 
GIN  must  be  made  between  the  power  and  resistaIWI 
to  uovy.  the  pistons  at  the  required  speed ;  usually  10  to 
j;o  per  cent,  is  allowed,  depending  on  Pump  constmc- 
tion,  etc. 
L  St5CTiot^  Yi^^.  ^:^. 

In  laying  suction   ^1^  a  \3t4\^<>'R^^  ^-siKft^  ^ws^^' 
ina/ntained.  thus  avoiding  mr  ^locV^v^.      ^xuLe^^^ 

3^^ 


3ward  the  supply,  iwith  a  drop  of  not  less  than 

S   IN   EACH    100  FEET. 

TioN  PiP£  and  its  connections  must  bb  tight; 
all  leak  will  supply  the  pump  with  air  to  its 
ty  so  that  little  or  no  water  will  be  obtained. 
vering  the  suction  pipe  it  sliotdd  be  tested 
ssure  of  not  less  than  fifty  pounds  per  square 

t  iron  pipe  may  be  used  for  suction  pipe  of 
s,  but  cast  iron  'flanged  pipe  is  best  for  all 
lich  it  can  be  obtained.  When  bell  and  spigot 
?d  it  should  be  laid  with  the  direction  of  the 
wards  the  bell. 

VES  in  suction  and  discharge  pipe  should  be 
::s. 

ON  AIR  CHAMBER  is  an  advantage  on  long  or 
3ns,  and  is  always  best  for  single,  fire,  or  any 
ch  is  to  run  at  high  speed,  especially  if  of 
ke. 

vaiatl,  under  all  conditions  insures  a  quick 
f  the  pump  by  maintaining  the  pipe  full  of 
free  from  air.  When  a  foot  valve  is  used 
he  area  of  its  valve  seat  opening  is  not  less 
rea  of  the  pipe. 

NER  is  always  desirable  but  not  necessary 
tr  is  clear  and  free  from  foreign  matter  that 
the  valves  and  passages  of  the  pump.  The 
le  strainer  openings  should  be  at  least  four 
area  of  the  pipe,  to  equalize  the  friction  of 
►ugh  the  small  openings,  and  because  some  of 
iable  to  become  clogged.  Where  strainers  are 
must  be  often  inspected  and  cleaned, 
lently  happens  tbat  a  pump  refuses  to  lift 
!e  the  full  pressure  against  which  it  is  to  work 
upon  the  force  valves,  for  the  reason  that 
thin  the  pump  chamber  is  not  dislodged,  but 
d  by  the  motion  of  the  plunger.  It  is  well, 
to  arrange  for  running  without  pressure  until 
expelled,  and  water  follows.  This  can  be 
lacing  a  check  valve  in  the  delivery  pipe,  and 
a  waste  delivery  to  be  closed  after  the  pump 
ht  water."  Such  a  valve  is  also  required  to 
the  pressure  when  the  pump  is  o^e:tvt^  i^ix 
of  the  valves. 
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A  PRIMIN^G  i'lPE  connected  to  a  supply  above  the  pump 
or  under  pressure  is  a  convenience  for  quick  stanifll, 
and  3.  necessity  for  a  fire  punip^  and  most  large  i\itf 
of  all  classes. 

Hot  W\ter,  Thick  Liquids,  int:. 
When  hot  water  is  to  be  pumped,  the  difficulty  of 
lifting  it  by  suction  increases  with  the  temperature.  1^ 
should,  therefore,  be  arranged  to  flow  into  the  puof 
cylinder,  if  hot  enough  to  vaporize  when  the  preajunrof 
the  atmosphere  is  removed. 

Thick  liquids,  like  hot  water,  shotild  always  flo«  w 
the  pump  by  gravity  when  possible,  for  they  caimo* 
raised  a  very  great  height  by  suction,  whether  hot 
or  too  thick 

Valtes. 

Rubber,  etc.,  valves  are  used  in  the  otxlinary  p 
for  cold  water,  but  brass,  rubber  composition,  or  otlJt* 
suitable  material  is  reciuired  for  hot  water  or  oil  Fflt 
pumping  salt  water,  or  where  the  pump  remains  iitii 
liable  to  rust,  the  piston  rods  and  p?lungers 
of  brass. 

Suggestions. 

The  steam,  exhaust  and  discharge  pipes  shoi 
be  as  straight  and  as  free  from  turns  as  possible 

In  connecting  the  steam  pipe  proper  allowance 
be  made  for  expansion.     A  gate  throttle  valve  ^lii 
be  placed  in  the  steam  pipe  dose  to  the  pump, 
should  be  provided  for  draining  this  pipe  before 
irg. 

To  prevent  freezing,  drain  the  pump  by  openini 
cocks  and  plugs  provided  for  the  purpose.  In  pip^i* 
i'rom  thei^e  drips,  valves  should  be  placed  closeted 
pump  cylinders.  The  steam  and  water  cylinder  tin?* 
should  never  he  connected  into  the  same  pipe  tinle>i» 
check  valve  is  placed  so  as  to  close  towards  the  i»'attf 
cylinder  to  keep  it  free  from  steam. 

AJ]  pipes  should  be  properly  supported  so  as  to  r^ 
iieve  the  pump  flanges  fro^n  undue  strains. 

Keep  the  steam  cvlinder  well  oiled,  especially)"* 
before  slopping. 

Keep  the  sti  tfi^ig  lao^si,?^  vj€W  ti^vA  ^hctA^  f\lle4  *'l* 
3  good  quality  of  packmg,    T>dv;\.  ^qt^^  iV^cux-^^' 
Lr»t   the   steam  end  a\oT\e  U  \X\.t  ^v^^xv^i  \><i%\t^-.  "^^^ 
Bdly.  until  fully  satisfied  tWt  tWve  \^  uo  o^^^Xa 
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1     cjriijivici,    wctici     vdivca    \Ji     |/ipca. 

ump  should  be  located,  if  possible,  in  a  light, 
m  and  clean  place  and  have  good  care. 

PUMPING  ENGINE  DUTY 

'"  of  pumping  engines  is  the  ratio  of  the  work 
sd  by  the  pump  or  water  end  to  the  steam  or 
sumed. 

now  generally  expressed  in  millions  of  fooi- 
)f  work  per  i,ooo  iJbs.  of  steam  used, 
recently  duty  was  expressed  in  foot-pounds  of 
r  100  lbs.  of  coal.  A  pumping  engine  capable 
g  75,000,000  lbs.  of  water  one  foot  high  or  750,- 
[00  ft.  high  was  said  to  give  a  duty  of  seventy- 
.uoNS.  This  method  expressed  correctly  the 
:he  plant  as  a  whole,  but  -was  manifestly  unfair 
uimp  contractor  furnishing  a  good  pump  to  be 

to  a  poor  boiler,  or  the  boikr  maker  furnish- 
)iler  to  run  a  poor  pump.  The  deficiency  in 
the  one  would  have  to  "be  made  up  by  the  ex- 
uality  of  the  other  if  a  fair  duty  was  obtained 
:  plant  as  a  whole.  The  method  gave  no  indi- 
f  the  efficiency  of  either  boiler  or  pump,  and 
ther  complicated  by  the  fact  that  as  before 
>ut  in  this  'Work,  100  lbs.  of  one  coal  might  do 
/ice  the  work  as  100  lbs.  of  a  certain  other  coal 
versa. 

No.   179  and  180  give  data  relative  to   feed 
id  coal  based  on  the  old  fashioned  method  of 

g  DUTY. 

merican  Society  of  Mechanical  Engineers,  rec- 
the  unfairness  of  the  above  advised  that  in 
"foot-lbs.  per  100  lbs.  of  coal"  the  basis  ''foot- 
1,000,000  heat  units"  should  be  used,  or  which 
to  millions  of  foot-lbs.  per  1,000  lbs.  of  steam, 
given. 

sis  advised  is  the  same  as  **ioo  lbs.  of  coal  on 
at  unit  basis  per  lb.  of  coal"  or  when  evapora- 

kand  at  212  degress  is  10.355  lbs.  of  water  per 
i  We  therefore  have,  duty  equals  (1,000,000 
'  work  performed)  divided  by  Total  heat 
ed. 

•ore  given  in  different  form  for  conven- 
we  have  below,    ist.    That  the  work  per- 

315 


frmied  is  fooi-ponnds  equals  area  of  plunger  ( 

z  z  for  area  of  rod )  x  total  total  pressure  against 
:  :-T:p  3S  working  x  average  length  of  stroke  of  pli 
r.  i>rt  X  wial  number  of  strokes  made  during  the  «• 
:ervs]  under  consideration.  To  obtain  total  pressmen 
icr.  ::-  :hat  given  by  water  pressure  gauge,  that  doe  to 
-f.ghi  of  gauge  above  water  in  pumping  well,  river. or 
:iher  >ot;rce-  Feet  head  reduced  to  pounds  pressure » 
?:ven  in  TaKe  Xo.  141.  2nd.  The  total  number  oi 
heat  units  consumed  equals  weight  of  feed  water  sap- 
r-:ed  :o  the  boiler  x  total  heat  of  the  steam  at  the  work- 
:ng  pressure  <  counted  from  temperature  of  feed  water) 
corrected  for  moisture  or  superheating. 
Sup 

Is  best  determined  by  fastening  the  plunger  in  se^ 
era!  positions  for  a  length  of  time  equal  to  the  duratioi 
of  stroke  under  working  conditions,  collecting  and 
weighing  the  amount  of  water  that  will  pass  the  plung- 
er under  full  head  or  pressure  in  each  position;  find  the 
average  and  from  it  and  capacity  per  stroke,  its  amouni 
:n  per  cent,  is  quickly  determined. 

Plunger  can  be  fastened  for  5,  10,  or  20  times  tbe 
duration  of  stroke  if  more  convenient.  In  such  cases, 
divide  amount  of  water  by  5,  10,  or  20  as  the  case  may 
be  to  get  amount  for  the  position. 

When  it  is  not  known,  5  per  cent,  is  the  usual  amount 
allowed  in  making  estimates  of  discharging  capacity  ot 


e  have,  1113.  7  or  say  11 14  heat  units  in  one  lb.  of  dry 
earn  at  100  gauge  reckoned  from  feed  water  at  100 
?g.  Fahr.  Then  by  rule  for  duty  above  given  we  have, 
170  (area  of  plunger)  x  140.39  (total  pressure  head) 
3.5  (length  of  stroke)  x  12,000  (number  of  strokes) 
1,000,000  equals  1,002,384,600. 

Dividing  this  by  total  heat  units  consumed  or  by 
14  X  10,000  (lbs  of  feed  water  used)  or  by  11,140,000 
e  have  for  duty  under  the  assumed  conditions  eighty 

[NE  MILUONS. 

From  the  above  should  be  deducted  a  proper  amount 
►r  leakage  or  slip  as  previously  determined  or  assumed. 
All  of  the  data  in  the  above  example  was  taken  at 
indom,  but  represents  fairly  well  an  average  pump  of 
loderate  duty. 

Duty  of  above  pumping  engine,  determined  in  old 
ay. 

Assume  all  conditions  the  same  as  above  given  and 
iiat  the  coal  ivsed  during  the  test  weighed  1250  lbs. 
)ividing  10,000  lbs.  (amount  of  feed  water)  by  1250 
^e  have  8  lbs.  as  the  amount  of  water  evaporated  from 
I  temperature  of  feed  of  100  degrees  at  pressure  <^f 
[00  lbs.  Equivalent  evaporation  from  and  at  212  deg. 
by  Table  No.  174  equals  8  x  1.16  or  9.28  lbs.  It  is  not 
necessary  to  know  equivalent  just  given,  but  it  is  of  as- 
sistance in  comparing  coals,  performance  of  boiler,  etc. 

The  work  done  by  the  pump  end,  by  rule  before  given 
<?quals  170  (area  of  plunger)  x  140.39  (total  pressure) 
X  3.5  (length  of  stroke)  x  12,000  (the  number  of 
strokes)  or  1,002  million  foot  pounds.  As  1250  lbs.  (or 
^25  X  100  lbs.  of  coal  were  used)  dividing  by  125  wc 
have  81.6  millions  as  the  duty  of  the  engine  per  100 
^bs.  of  coal  used  under  the  conditions  given. 

It  needs  no  discussion  to  show  that  depending  on  the 
^"0^1  used,  by  this  last  rule  the  duty  might  vary  from 
70  to  90  or  more  millions ;  hence  the  manifest  unfair- 
ness of  applying  it  to  pumping  engine  duty. 
Horse  Power  of  Pump. 

Dividing  work  done  in     ft.     lbs.,     1,002,000,000     ft. 
^bs.  by  600  (minutes  in  ten  hours  or  duration  of  test) 
X  33,000  we  have  approximately  50  horse  power. 
Coal  Consumption  per  Horse  Power  Hour. 

From  the  data  we  have  1250  lbs.  divided  by  10  equals 
25  lbs.  per  hour.     Dividing  this  by  50  we  \v^Ne^  1.'^  \!^^. 
■*  coal  per  horse  power  hour,  as  the  atrvowtvV  Mtv^tt  ^ 
limed  conditions. 
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■  mbiJ  itf€t  per  second. 

"^     ^    jralion  per  seoc 
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From  GROWING  crops,  grass,  etc.,  it  is  frequent- 
'  twice  as  great  as  from  adjacent  barren  land  (see 
Dove).  This  is  on  account  of  the  greater  exposed  sur- 
ace  per  unit  of  area  including  surface  of  crops. 

From  ROUGH,  stony  or  steep  river  bottoms, 
^here  the  difference  between  maximum  and  minimum 
Lin-off  of  the  stream  is  great  (being  50  to  i  and  even 
lore  in  many  cases),  the  evaporation  during  the  hot 
nmmer  days  is  usually  excessive.  During  an  extensive 
''ater-power  investigation,  the  author  found  the  evapor- 
tion  from  such  a  river  bottom,  Cold  River,  near  Rut- 
i.nd,  Vt.,  to  be  such  that  the  flow  of  the  stream  in  the 
lountains  was  nearly  twice  as  great  as  at  a  point  some 
our  miles  below,  during  July,  1898.  The  geological 
ormation  was  such,  that  no  water  escaped  under  the 
urface,  while  several  small  brooks  from  springs  en- 
ured the  stream  between  the  points  mentioned. 
Forests. 

Such  examples  as  'the  above  show  without  argument 
^^hy  thousands  of  small  and  many  large  mill  rights  have 
►cen  abandoned  all  over  the  country  and  at  present  have 
10  intrinsic  value,  except  (in  the  opinion  of  owners), 
•vhen  it  is  proposed  to  -take  stream  for  water  supi)iy. 
The  forests  protecting  the  streams  have  been  removed, 
kvithout,  in  many  instances,  any  thought  of  other  tlian 
irnmediate  profit  through  the  sale  of  timber :  had  it  been 
^ut  in  a  scientific  manner,  the  streams  would  yet  be  giv- 
ing their  former  efficient  minimum  run-off  and  tliere 
would  yet  be  timber  to  cut.  Forests  reduce  the  necessary 
capacity  of  storage  reservoirs  for  power  and  water  work- 
purposes  by  retarding,  holding  back,  the  stream  flow  or 
nin-off,  reduce  materially  the  evaporation  from  that 
that  does  run  off,  and  in  other  self-evident  ways  tend 
to  reduce  the  ratio  between  maximum  and  mininuini 
run-off  or  between  freshet  discharge  and  dry  season 
Bow. 

Forests  increase  as  a  rule  the  amount  of  water  avail- 
ible  from  a  given  area  of  ground  or  well  supplies.  The 
exception  to  this  rule  is  in  certain  clay  soils,  where  it 
as  been  observed  that  the  soil  for  a  considerable  depth 
ras  dryer  before  than  after  the  removal  of  the  forest. 
'he  trees  drawing  from  the  soil,  dried  it.  After  they 
'ere  removed  the  soil  contained  mucVv  moie  mo\^lure,. 
he  author  cannot  believe,  however,  tV\al  \n  ?.vlOcv  c^ac? 
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1   by   cenain  water  oompanies,  especially  on 

Slope. 
rs,  instead  of  using  their  own  judgment,  and 
noney  for  attempts  at  getting  water,  would 
natter  to  a  specialist,  there  wouW  be  less  fail- 
)lated  or  other  supplies;  the  money  expended 

would  in  many  cases  pay  for  -the  specialist 
ater  besides.  No  business  is  so  little  under- 
the  people  at  large  as  "water  supply."  The 
v'ho  can  say  that  every  nine  out  of  ten  people 
iring  an  investigation  did  not*  tell  him  **just 
y  to  insure  success,"  with  seldom  two  opinions 
lard  to  find. 

Crops. 
in   localties   of  excessive   rainfall,    crops,   as 
icated,  absorb  all  light  rains,  allowing  none 
to  soil  or  stream, 

lowing  table  of  amount  absorbed  by  the  or- 
►ps  found  on  the  drainage  areas  of  many  water 
ivill  be  found  conveaiient  when  making  proper 
s  from  total  water,  for  actual  amount  avail a- 
^^ater  supply." 

Tabic  No*  J92 

BSORBED    BY    GROWING    CrOPS    IN    INCHES    DeEP 

PEk  Month  During  Growth. 
grass   (hay)  4     inches  to  6     inches 

3  inches  to  5  inches 
2.8  inches  to  3.5  inches 
2.8  inches  to  3.0  inches 
i.o  inches  to  2.0  inches 

Artesian  Wells. 
m  "artesian"  as  now  used  covers  both  flowing 
lowing  wells. 

if  not  the  majority  of  artesian  waters  used  for 
pplies  contain  nitrogen  as  nitrates  in  larger 
han  ordinary  surface  water, 
rowths  use  food  containing  nitrogen,  but 
thrive  away  from  sunlight.  It  is  therefore 
ore  such  waters  in  covered  reservoirs.  It  may 
expensive  to  not  construct  such  reservoir  in 
laces  and  instestd,  pump  constantly  irorcv  \i\\^ 
which  case  the  water  need  not  be  eit^s^^  X.O 
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Rate  of  Flow  Into  Wells. 
"The  village  is  to  be  congratulated;  our  people  can 
soon  abandon  the  filthy  -pond  supply.  The  well  yester- 
day, at  a  depth  of  Only  forty  feet  reached  a  flow  of  15 
gallons  per  minute  that  is  pure  and  white  as  crystal ;  it 
comes  from  the  bowels  of  the  earth  beyond  the  reach 
of  contamination.  Drilling  will  continue  until  a  supply 
sufficient  for  many  years  to  come  is  obtained;  it  will 
then  be  piped  to  the  distribution  reservoir,  into  which 
it  will  flow  without  the  use  of  pumps.  Before  deciding 
on  the  plan  the  committee  visited  many  places  that  had 
grappled  with  this  same  problem,  and  as  a  result  the 
citizens  will  soon  enjoy  the  benefit  of  placing  its  affairs 
of  importance  in  lihe  hands  of  such  zealous  and  intelli- 
gent gentlemen. 

At  the  meeting  on  Monday  evening,  the  committee 
will  explain  their  plans ;  the  methods  adopted  at  various 
places  and  other  matters  of  interest  and  value,  but  as 
the  majority  of  the  citizens  have  already  visited  the 
wells  and  seen  for  themselves  what  can  be  done,  there 
will  be  few  if  any  votes  against  the  additional  appro- 
priation needed,  though  a  full  attendance  is  desired." 

The  above  is  extracted  from  a  recent  editorial.  The 
appropriation  was  voted ;  drilling  -was  continued ;  in 
fact  everything  increased  or  continued  but  the  supply 
and  it,  at  400  feet  deep,  was  no  greater  than  at  40  feet. 

On  being  called  to  investigate,  the  author  found  that 
with  the  distribution  reservoir  (150  feet  distant)  emp- 
ty, the  well  ceased  to  flow  more  than  two  or  three  gal- 
lons per  minute.  Analysis  of  the  well  water  was  made ; 
reservoir  again  filled  and  analysis  of  well  water,  which 
was  again  flowing  about  15  gallons  per  minute,  was 
again  made  after  the  introduction  of  Lithium  chloride 
into  the  water  in  the  reservoir.  Its  presence  in  the 
water  of  the  well  was  sufficient  to  convince  all,  but  such 
as  are  in  every  town,  that  cannot  be  convinced  or  remov- 
ed from  the  narrow  rut  of  opinion,  that  the  "bowels"  of 
the  earth  had  far  less  to  do  with  the  supply  than  "bow- 
els" located  (when  at  home)  on  the  water  shed  of  their 
pond  supply.  Having  made  one  mistake,  they  fear  to 
vote  money  for  their  only  relief,  filtration. 

An  individual  owner,  after  spending  se^eT^X  \vww^t^^ 
dollars  ($4,000)  on  the  su|>position  t\\a\:  "^  mc  V^cA-^  o^ 
tvater  like  the  Hudson     river      was     big     ^"tto>\^     ' 
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ce  a  litlle  six-inch  strtam  up  the  stiort  ttf&t^ 
ce  of  400  feel  through  his  wrelb  situated  on  toj 
the  adjacent  Palisades."  after  drill ing  too  feel  di 
to  prove  he  was  right,  accepted  the  author' ii  advice 
stopped  work. 

Many  tn  authority  are  next  door  to  insane  on 
subject  of  *'what  a  weO  can  do/'  and  when  it  don  t 
pen  to  do  it,  they  arc  willing  and  anxious  10  buj* 
first  oi  the  *'piill  yourself  up  by  your  bootstraps'' 
Tangf^ments  that  is  offered  or  put  in  one  or  iw 
their  own. 

The  supply  feeding  any  well  or  system  of  welh  d^ 
pends  on  natural  law  and  conditioni^  osl.%\ 

The     average     rate     of     discharge      from     a     vKtU 
or  wells  cannot  exceed  the  average  rate  at  which  rainfall 
or  other  water  percolates   into  the  drainage  ome  per 
unit  of  area,  tior  can  it  be  drawn  from  this  cone  by  an| 
means  or  method  at  the  well  faster  than  air  or  water, 
gallon  for  gallon,  will  penetrate  the  rock,  or  soil  at  Of 
near  the  surface  or  such  portions  of  the  surface  of  tht 
cone  as  may  embrace  the  source  of  well  supply*    Tli*t 
this  rate  of  penetration  is  slow  is  well  known  to  ^se 
who  have  observed  the  slow  rate  at  which  water  flriH 
pass  through   sK^ne  household  filters;  one   half  gallon 
per  square  foot  per  day  under  one  half  foot  head  is  1 
fair  if  not  high  average  rale  for  the  di^icharge  of  stich 
fso  called)   filters.     In  order  to     testify     in     condem- 
nation  and  other  proceedings,  the  author  has  made  sef- 
eral   hundred  tests   of  M^tls  and   rocks    from    diffcrcnl 
depth >  in  order  to  show  thetr  capacity  to  receive  !»old 
and  discharge  water.     The  average  results  for  certain 
rock:  are  given  in  condensed   form  in   table    No.  m 
while  those  for  .'^and^.  gravels,  soils,  etc.,  will  "he  found 
in  table  No*  194. 


Table  No.  J93 
I        Hatf  OF  Flow  Into  and  Out  of  Rocks  per  Day, 
^^L  U.  S.  Gallons. 

^H    Name                          per  square  foot  per  ai 

^^S?.nd3toncs                       0.1       to    0.3  4000  to  ijcwo 

'       Limestones                      0.00^  vo    Ci.«3fe^  \€r  to    2^ 

Graitites                              oo^     to    QA  afaa  \i^    j^ 

Conglomerites  doi     ^^    ^^^ 

3^4 


Rate  of  Flow  Into  and  Out  of  Rocks  per  Day,  in 
U.  S.  Gallons. 
Name  per  square  mile. 

Sandstones  2700000  to    8360000 

Limestones  108000  to     170100J 

Granites  270000  to    2700000 

Conglomerites  2700GO  to  10800000 

The  small  rate  of  flow  shows  the  importance  of 
proper  distribution  of  wells  across  strata  in  order  to 
get  maximum  supply  for  given  expenditure  for  drilling, 
etc.,  in  practice,  it  will  not  give  results  greatly  in  er- 
ror, to  assume  the  rock  strata  adjacent  to  wells  to  hold 
in  gallons  the  above  quantities  per  unit  area  one  foot 
deep. 

Red  S\n:>stone  and  Traprock  Formations. 

In  red  sandstone  ^trap  rock  on  top)  formations  the 
drainage  cone,  instead  of  taking  most  of  its  sup- 
ply from  its  edge,  -where  the  strata  intersected  by  the 
bottom  of  the  wells,  as  in  the  Florida,  Atlantic  Coast 
and  other  cases  before  mentioned,  pierces  the  surface ; 
much  is  obtained  from  intermediate  areas  draining 
through  "faults"  and  other  nearly  vertical  passjiges  from 
the  surface  to  the  strata  pierced  by  the  well.  The  water 
from  within  the  rock  itself  drains  to  the  passages  of 
least  resistance,  and  while  the  general  line  of  drainage 
13  in  the  direction  of  "dip"  of  the  strata,  other  lines  of 
the  drainage  radiate  to  the  general  line. 

The  center  line  of  this  principal  drainage  cone,  or 
more  accurately  triangular  prism  of  drainage,  is  in  the 
direction  of  the  "dip"  of  the  strata,  N.  E.,  S.  \V.,  or,  as 
the  case  may  be,  from  the  well  to  the  point  where  the 
strata  pierced  by  the  bottom  of  the  well  intersects  the 
surface;  the  height  of  prism  equals  depth  of  well, 
see  Fig.  15,  page  75,  where  B.  G.  of  the  triangular 
piism  B.  G.  D.  F.  equals  depth  of  well.  The  length  FD. 
of  the  intersecting  line  of  strata  with  the  surface  effect- 
ed by  the  well  will  depend  on  compactness,  depth  be- 
tween layers,  etc.,  of  the  sandstone;  with  average  sand- 
stone, such  as  that  under  the  surface  of  Essex  and  Pas- 
saic Counties,  New  Jersey,  the  angle  subtended  at  the 
well  by  the  two  limiting  lines  from  the  ends  of  the  above 
mentioned  intersecting  h'ne  will  be  abowl  ^^^  ^<i%x^^s. 

The  maximum  gradient   along    centre  Wwe.   c>\  ^\vcv- 
cipal  drainage  cone  is  in  direction  oi  ^ind  w\w^  ^cc>  "Cc 
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..z  '  ::  r!e  itrara:  ihe  rate  of  grade  of  limiting  li« 
ir^inige  m  any  jCier  direction  within  the  aboK 
-  zr.-^-:r.ffi  :ii:er=^ci:ng  lines,  can  be  easily  oomptfted, 
<r. .  v-.ng  i.'e  i:?.  I:  :=  simply  a  diagonal  on  an  iir 
:..n-ri  ;:ane  1  .:e  rcncency  of  the  body  of  water  as  I 
v:.  r  ii-iiine-:  m  r:<k  iuch  as  sand  or  limestone,  B 
::    iriiz  :n  ihe  iirec::':::  of  the  layers  of  stratification  or 

:z'  ::  iie  .vel'. :  from  an  opposite  or  diagonally  o^ 
•;■  ?i:t  i:re-rrcn-  my  wa:er  passing  to  the  well  most 
;ir?  iiag-znallv  a-cross  the  layers,  and  the  area  eflfected 
.-  r .::!■:  iire'Jtirr.i  is  smail  except  in  very  low  stage  of 
vLcr  .r.  pnr.vzipal  'irainage  cone.  With  a  dip  of  rock 
::  :  inch  :-  12  inches,  the  greatest  distance  that  the 
ii-.'r.iT  -JL-  "xncvr.  a  -A-ell  to  drain  in  exact  opposite  di- 
ri::::n  :j    "dip  '  was  about  six  times  depth  of  well. 

Tn  accjun:  :f  :he  small  amount  of  water  certain  other 
r.ck?  Ai".  ibsorb,  and  the  much  smaller  amount  some 
::  :>..*r:  -.vi'.l  *" deliver  up"  for  well  supply,  the  drain- 
2i:e  :r:n:  sujh  '.-^posite  direction  is  nearly  zero.  Ib 
:he  :jarr.e  iisir-.c:  ?r  l-Dcality,  the  ability  of  stone  to  ab- 
sorb and  deliver  often  varies  with  the  depth,  because  of 
increasing  compactness  of  the  stone. 
Each  too:  increase  in  depth  of  well  increases  length 
•;r"cipa*.  drainage  cone.  With  i  inch  per  foot  dip 
:  1,  :-  .:^:  -n  *.eng:h  is  12  feet:  with  o.i  foot  per  foot 
::•  .  :j:  rce:.  etc.  As  before  indicated,  except  in  case 
if  li%w   gtaPHg'e  nf  tvT.teT'  in   the  pHncipal  dramage  coti^ 


noderate  supply;  to  increase  it,  the  depth  was  increas- 
ed and  salt  water  was  obtained.  At  Carpenter  Brothers' 
juarry,  on  the  Hudson  at  Ft.  Lee,  a  well  150  feet  deep 
lelivers  brackish  water.  One  mile  inland  the  Convent 
•veil  at  a  depth  of  nearly  1,000  feet  (at  time  of  author's 
vrisit)  the  delivery  was  but  a  few  gallons  per  minute: 
the  length  of  principal  line  of  drainage  cone  being  less 
than  one  mile;  the  surface  soil,  chiefly  clay  was  steep, 
:\llowing  waiter  or  rain  to  drain  rapidly  over  and  across 
it  without  percolation  into  the  drainage  cone.  At  Bell- 
ville,  N.  J.,  the  City  of  Newark  have  since  constructed 
wells  delivering,  so  Chief  Engineer  Sherred  informed 
the  author  in  Feb.,  1901,  seven  million  gallons  per  day. 
They  are  in  the  same  strata  and  but  a  few  miles  be- 
low those  considered  in  the  investigation. 
Gr\>:ite  Rock. 

Few  wells  in  granite  rock  are  delivering  water  suffi- 
cient for  public  supply  while  not  one  in  ten  drilled,  is 
delivering  sufficient  for  individual  use.  The  author  has 
in  mind  twenty  wells  costing  an  aggregate  of  $15,000, 
that  are  not  delivering  a  total  of  more  than  60  gallons 
per  minute.  Such  wells  are  not  of  enough  popular  im- 
pc^rtance  to  be  here  considered. 

Cost  to  Drill  Wells. 

The  cost  to  drill  varies  with  the  diameter,  location. 
etc.,  but  averages  about  $3.00  per  foot;  to  this  should 
be  added  pipe,  appurtenances,  transportation  of  drilling 
outfit,  etc.  Deep  wells,  especially  when  constructed  with 
j-oor  outfits  often  cost  more  on  account  of  ''stuck  drill," 
"off  centre,"  "fishing,"  etc. 

In  the  oil  regions  where  good  outfits  are  plenty,  the 
cost  for  a  six  inch  well  is  often  as  low  as  $1.00  per  foot, 
drilled 

Driven  .\nu  Open  Wells. 

Source  of  supply  is  generally  local.  The  storage  ca- 
pacity feeding  the  wells  is  equal  to  the  capacity  of  the 
drainage  cone  to  hold  and  deliver  water.  Average  sands 
and  gravels  will  deliver  from  80  to  90  per  cent,  of  the 
contained  water.  The  capacity  of  soils  vary.  The  White 
Plains,  N.  Y..  22  acre  basin  adjacent  to  the  open  wells 
is  a  fair  one  in  which  an  engineer  would  locate  a  well 
supply.  To  prepare  for  giving  testVmow^  ow  \i^'a\^.  oK 
the  Farmers'  Loan  and  Trust  Co.,  as  Ttu?s>l^^  ^<^t  "^^ 
Vondholcfers,  and  the   water  company   s\.oc^i^L  VoX^^^*^  "^ 
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well,  the  author  as  chief  expert  witness  in  oondemnr 
tion  proceedings,  had  to  make  over  300  mechanical  a 
y-es  of  the  sand,  gravel,  quick-sand,  soil,  peat,  etc,  il 
the  drainage  cone.  The  average  capacity  to  hold  water 
was  in  excess  of  36  per  cent.  Vis,  that  for  every  lOD 
'.:u.  ft.  of  material  in  the  drainage  cone,  there  was  I 
storage  of  36  cu.  ft.  or  269  gallons  of  water.  A  peatbd 
with  its  contained  silt,  was  found  to  hold  70  per  cenLoC 
its  own  volume  in  water.  More  in  detail  the  averaft: 
results  were,  as  given  in  the  following  table. 

Samples  were  taken  from  all  depths  to  55  ft.  and  uni* 
formly  distributed  throughout  the  basin. 

Tabk  No.  J94 

Cai'acity   of   Sands,    Gravels,    Soils,    etc.,   to  Hoi* 

Water. 
Quick-sand,  45  to  52  cu.  ft.  of  water  per  100  cu.  ft.  of 

c|uick-sand. 
Coarse  sand  or  fine  gravel,  22  to  28  cu.   ft.  of  water 

per  100  cu.  ft. 
Medium  sand,  32  to  38  cu.  ft.  of  water  per  100  cu.  ft 
Peat,  with  silt,  70  cu.  ft.  of  water  per  100  cu.  ft 
Ordinary  fop  soil  varied  .from  26  to  50  cu.  ft.  per  lOO 

cu.  ft.  depending  on  the  amount  of  clay  and  organic 

matter. 


Table  No.  37  can  be  used,  but  not  accurately  for  above 
irpose. 

Rate  of  Flow  into  Wells. 

The  gradient  line  of  drainage  to  the  bottom 
t  the  wells  with  water  just  outside  of  them  8  inches 
■gher  than  inside,  was  found  to  be  at  the  rate  of  15 
ret  per  mile.  Below  this  line  when  pumping  at  the 
Lte  of  600  gallons  per  sq.  ft.  of  opening  into  wells  per 
ay  no  water  could  be  drained.  If  rate  of  infiltration 
Sts  decreased  by  construction  of  additional  wells,  this 
Lte  of  gradient  would  be  much  less  for  the  coarse  sand 
rata  adjacent  to  the  bottom  of  the  wells ;  as  has  ibeen 
Dticcvl  by  the  author  in  other  cases. 

A  rate  of  flow  of  one  mile  per  year  through  a  sand 
*d,  such  as  that  of  Long  Island,  toward  the  ocean  or 
ater  course,  and  gradient  of  8  to  10  feet  per  mile  are 
>nsideied  fair  averages  by  certain  investigators.  This 
.te  of  flow  and  gradient  are  certainly  exceeded  and 
educed  respectively  in  the  case  of  many  isolated  well 
ants. 

Ii  n  ust  be  remembered  that  the  average  permanent 
o\v  from  wells  cannot  exceed  tihat  of  the  average  rate 
'hich  vam  falling  on  the  drainage  cone,  plus  such  water 
s  may  in  exceptional  cases  be  brought  to  the  drainage 
one  by  brooks  or  other  -means,  reaches  the  interior  of 
he  drainage  cone,  and  that  the  total  amount  per  an- 
:um  when  forests,  crops,  evaporation  and  other  matter> 
'"c  prcperly  allowed  for,  will  seldom  exceed  one-third 
t  (area  of  drainage  cone  plus  ou'tside  areas  furnishing 
>art  if  any  of  supply)  x  depth  of  rain  fall  in  feet.  To 
?et  all  of  this,  wells  must  be  properly  distributed  in  the 
*rainage  cone. 

Salt  Water  in  Wells. 
No  fresh  water  from  wells  near  the  ocean,  is  derived 
Tom  sea  water,  though  sudh  wells  may  be  piped  through 
he  salt  water  itself  to  the  beach  or  bottom  below,  as  at 
he  pier  at  Nantucket.  The  difference  in  specific  grav- 
ty  of  about  3  per.  cent,  between  the  two  waters,  is  suf- 
icient  to  force  the  water  (backward  or  upward  but  a 
'Hiall  amount,  in  inches  perhajps,  but  not  400  feet  as  sup- 
posed in  the  Hudson  river  well  case  before  mentioned. 

The  water  coming  from  a  higher  level,  back  in  the 
ands  from  the  ocean  drains  toward  \t,  awd  C"axv  \i^ 
umped  from  the  well.      In   exceptiona\  cases,  sxxOcv  ^.? 
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cation  was  simply  a  matter  of  straining  through  sand, 
le  case  would  be  diflFerent,  but  it  is  not. 

Again  forced  pumping  for  a  g^eat  length  of  lime 
ends  to  force  channels  through  the  sand,  and  there  is 
ften  direct  passages  from  a  contaminated  source  to  the 
veils,  allowing  even  little  chance  for  straining. 

In  good  locations,  driven  wells  will  often  furnish  the 
)est  possible   supply   for  minimum  cost.     The   author 
lappens  to  be  a  director  in  a  water  company  that  adopt- 
ed driven  wells  for  "summer  supply"  as  being  cheaper 
than  to  provide  the  additional  storage  necessary  to  meet 
demands  during  the  annual  "dry  season." 
Springs. 
Are  fed  from  the  water  oorttained  in  the  "drainage 
cone"  above  them.     In  flat  country,  as  in  t'he  case  of 
Well  Supply,  one- third  of  the  rainfall  may  be  delivered 
to  and  discharged  by  them.     When   fore>ts  cover   tlu' 
greater  portion  of  the  drainage  cone,  the  amount  may  he 
exceeded  except  in  cases  of  steep  mountain  sides,  witli 
strata  unfavorable    for   entrance    of    water.      In    such 
cases  it  is  often  much  less.    Proper  consideration  of  the 
flow  of  water  to  and  from  springs  involves  exactly  the 
same  procedure,    relative    to    the    sitorage    capacity    of 
rocks,  soils,  etc.,  as  given  under  Driven,  Open  and  Arte- 
sian Wells  and  will  not  be  here  repeated. 

In  the  average  small  municipality  of  about  1,000  people 
especially  if  situated  in  a  farming  district,  the  people  as 
a  whole  "pin  their  faith"  to  any  spring  or  sprinj2:s  tlial 
^^ey  know  "does  not  run  dry."     Often  this  confidence 
'Snot  misplaced,  for  the  underground  reservoir  (the  por- 
ous soil  containing  the  water  that  feeds  the  spring)    is 
^^ten  large  in  proportion  to  the  flow  of  the  spriii<(  or 
springs.     If  investigation  shows  that  such   springs  are 
^ree  from  contamination  and  are  adjacent  to  or  within 
reasonable  distance  of  the  line  where  a  main  pipe  ought 
in  the  future  to  be  laid  from  a  more  adequate  source  of 
supply,  it  will  be  well  to  consider  adopting  the  springs 
as  a   temporary   source,    constructing   a    small    storage 
basin  at  them  and  connecting  it  by  pipe  line  to  the  main 
line  of  the  future,  which  can  be  laid  from  municipality 
o  opposite  the  springs.     In  this   way  often   the   total 
irst  cost  will  not  exceed  one-third  wh^l  \t  vfovild  be  if 
he  entire  plan  in   the  mind   of   t\\e  en^mtw  ^■a^.'Si  ^^'^V 
rried  out     People  in   such  smaW  tt\\itv\e\^^\NA^'5»  cs.^"**- 


need  the  object  lesson  of  water  actually  flowing  froci 
their  kitchen  faucet  or  from  a  hydrant,  before  they  arc 
wilting  to  vote  a  sum  sijfiicienrt  for  a  works  complex 
from  ait  engineering  .standpoint.  It  is  often  their  ta 
bond  issue  and  the  father  of  the  works  and  his  asso- 
ciates must  be  prepared  lo  meet  the  thousand  and  one 
honest  objections  brought  against  the  project  If  ht 
ciannot,  using  tact,  he  had  better  let  the  project  drop,  and 
await  a  big  fire  in  their  midst  Often  however  by  proper 
procedure  the  people  will  vote  a  ^mall  sum*  if  the 
Springs  are  to  be  the  5012 re e*  whik  they  would  \m 
down  any  project  involving  the  storage  of  the  waters  of 
a  stream.  Again  money  wiil  nearly  double  itself  m  1 
dozen  years  and  it  does  not  pay  to  provide  for  the 
wants  of  the  people  too  far  ahead.  Prov^ide  enough  to 
i^how  the  benefit  of  a  sy&tetn,  quietly  secure  control  ot 
future  supply  and  soon  income  will  be  sufficient  to  paj 
bond  interest  and  running  expenses;  insurance  rates 
will  have  been  reduced^  conRagration  checked,  wells  have 
been  voluntarily  closed,  and  the  people  wtfl  demand  ex- 
tensions to  distribution  system  and  the  annexation  of 
nrore  supply,  frequently  regardless  of  cost.  The  amoiml 
saved  in  insurance  will  often  be  more  than  their  water 
rent  she  Fire  Department  is  the  most  popular  organiiEa- 
tion  in  town,  the  Water  works  has  no  enemy. 

Water  from  springs  will  as  a  rule  give  better  satis- 
faction than  water  from  adjacent  streams  even  after 
filtration.  A  good  water  in  the  first  place  is  always 
better  than  one  made  good  by  artificial   means 

In  the  stimmer  oi  1899  the  author  designed  and  super- 
vised the  construction  of  the  water  works  for  High 
Bridge,  N  J.,  population  about  i;otx>.  The  general  phn 
contemplated  a  supply  from  a  distance  aniple  in  quantity 
and  by  gravity.  Within  a  few  hundred  feet  of  the  direct 
line  of  the  future  main  are  several  little  springs;  ai  two 
of  the  largest,  storage  basins  were  constructed  and  CiHi* 
nected  with  the  main  pi  fie,  which  was  stopped  ai  Ui* 
upper  one  The  agfgregate  aimoNt  constant  flow  {stm- 
mer>  of  the  springs  was  40  gallons  per  minute.  Tfiii 
flow  plus  the  small  storage  of  possibly  30  days  is  *ll 
the  Borough  has  lo  depeTiA  otk\  l\vaX  ^^  'a.^^  &%.dsfied 
with  it  is  ahowTi  by  the  ^o\\ow\t\^  ^?»  ^\ic>vii^  \T<iiK\ \^^5st 
vvntten  by  Mayor  Wa\ter  ^fxT^loti  ;xw\  \^\^f^  K^f^ 
^90 T.     '*T  atti  glad  you  TeTtvem'bev  \W  \t\^\^.  vm^^^ 
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nd  inconveniences  attending  the  operation  of  building 
ur  water  plant.  It  is  our  intention,  as  you  suggest  in — 
o  carry  the  plant  to  every  part  of  the  Borough,  but  we 
.re  not  justified  at  this  time  to  make  unprofitable  ex- 
ension  preferable  to  improvement  which  will  net  us  a 
50od  income  and  which  we  are  now  engaged  in  doing. 

**I  am  gratified  to  state  to  you  that  our  water  plant 
nas  been  giving  most  satisfactory  results.  During  all 
the  drought  of  the  latter  part  of  ?he  season  of  1900  and 
the  early  part  of  the  present  year  we  had  sufficient  water 
to  supply  all  Borough  subscribers  in  addition  to  supply- 
ing twelve  to  fifteen  locomotives  with  water  for  the  C. 
R.   R.  Co.  each  day. 

**Our  plant  is  on  a  paying  basis  at  this  writing  and 
giving  entire  satisfaction  in  every  way.  I  doubt  not  that 
within  the  next  year  the  Borough  will  order  the  con- 
struction of  the  large  reservoir  as  planned  by  you  on 
the  D.  L.  Apgar  property." 

TYPHOID  FEVER 

Mortality,  average  10  per  cent. 

Most  investigators  believe  that  the  bacillus  discovered 
by  Erbeth  in  1880  to  be  the  germ  of  Typhoid  Fever. 

Its  length  is  from  two  to  three  times  its  diameter, 
which  varies  from  one-half  to  one  micron ;  its  ends  are 
rounded. 

Because  of  the  fact  that  it  is  found  in  other  than 
living  bodies,  it  presumably  thrives  on  decaying  organic 
matter. 

It  can  resist  being  frozen  in  ice  or  earth  for  months 
but  will  die  quickly  in  a  temperature  of  135  degrees 
Fahr. 

It  will  live  for  months  in  excreta  from  typhoid  fever 
patients  and  for  this  reason,  such  excreta  should  be 
cremated  without  delay,  not  buried  in  the  usual  way 
for  the  germs  may  pass  through  such  water  courses  or 
channels  in  the  soil  as  were  mentioned  under  "Driven 
Wells,"  direct  into  a  stream,  wells  or  reservoir  used  for 
water  supply.  Such  cremation  does  away  with  danger 
of  careless  burial  and  prevents  possibility  of  epidemic 
by  water  carriage  of  germs. 

In  the  New  Haven  case,  April,  1901,  mott  xJcvaxv  ^<5«^ 
cases  were  directly  traced  to  a  singVe  e^ise:  oi  \.^^\vci\^ 
State  engineer  T.  H.  McKenzie,  CE..,  TtvOTv\i^T  o\  ^'c 
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t  New  Haven  after  the  outbreak,  from  various  por- 
ons  of  the  reservoir  failed  to  show  the  presence  of  any 
crms.  This  fact  is  not  proof  that  they  were  not  there 
tro  weeks,  or  even  one  day  previous  to  the  examina- 
on;  in  fact,  their  absence  would  tend  to  connect  the 
pidemic  more  closely  with  the  individual  case  of  typhoid 
nr  reasons  before  given.  Multiplication  of  the  germs 
nder  conditions  favorable  for  their  rapid  death  is  not 
robable,  and  if  germs  had  been  found  after  the  epi- 
cmic  had  commenced,  they  more  likely  would  have 
een  more  recent  arrivals  from  the  same  source  than 
"aveling  companions  of  those  that  caused  the  epidemic. 

It  may  assist,  it  will  do  no  harm,  to  examine  the  water 
f  the  reservoir,  but  it  is  best  to  look  farther;  up  the 
bream,  along  its  banks,  in  the  cemetery,  at  the  oyster 
oat.  or  other  place  below  and  above  the  sewer  outlet. 
'here  the  tide  ebbs  and  flows  accommodatingly  past  it. 
jrnishing  food  for  much  of  the  sea  food  consumed, 
''bile  it  is  there  being  kept  alive  and  fattened,  awaiting 
urchase.  Look  also  at  the  ice  cream,  frozen  though 
:  may  be;  at  the  dairy  two  hundred  miles  away  that 
urnished  the  milk  from  which  it  was  made.  If  the 
atient  had  recently  returned  from  Jersey  City,  Pekin. 
ianila,  or  Chicago,  look  there. 

Epidemic  of  Typhoid. 

The  first  cases  appear  in  about  ten  days  after  the 
rerms  have  been  distributed  by  the  milkman  or  water 
lepartment;  milk  can  washing  with  infected  water  bc- 
ng  about  as  direct  a  way  of  carrying  germs  to  a  city 
IS  drinking  directly  from  the  stream.  In  a  few  days, 
Jossibly  a  week  afterwards,  if  every  precaution  has 
5een  taken  by  attending  physicians  and  the  surround- 
Jigs  from  a  sanitary  standpoint  are  good,  the  cases  will 
■"each  a  maximum.  About  the  third  week,  the  epidcmir 
^ill  begin  to  die  out  and  unless  hastened  by  other  com- 
plications the  deaths  would  mostly  occur  the  following 
nonth. 

Flies  and  Mosquitoes. 

Flies,  mosquitoes,  etc.,  are  conveyors  of  germs  and 
ifter  visits  to  piles  of  decaying  organic  matter,  excreta. 
itc,  containing  germs  and  a  hearty  meal,  they  are  often 
JOnveyed  by  gale  or  wind  many  rods  or  miles  to  an  in- 
citing water  pitcher,  cake  or  dinner  taV)\e,  VWxe^  \o  ^^- 
o^i't  saliva  or  excreta. 
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WATER  PURIFICATION 
^sults  of  a  water  analysis  are  generally  express- 
rains  per  gallon  or  other  number  of  gallons, 
r  million,  etc.  While  Tables  Nos.  2,  8,  36  and 
.'ill  assist,  the  conversion  table  below  given  will 
1  a  more  convenient  assistant  in  correctly  inter- 
l  or  comparing  results. 

Table  No.  J95 
Water  Analysis,  Conversion  Table. 
r  million  x  0.13328  equal  ounces  per  1,000  U.  S. 
s. 

IV  million  x  0.00833  equal  Commercial  lbs.  per 
[J.  S.  gallons. 

;r  million  x  8.33  equal  Commercial  Jbs.  per  i, 
D  U.  S.  gallons. 

r  million  x  0.058  equal  Grains  per  U.  S.  gallon 
r  million  x  0.07  equal  Grains  per  Imperial  gal- 

r  100,000  X  0.583  equal  Grains  per  U.  S.  gallon 
r  100,000  X  0.7  equal  Grains  per  Imperial  gallon. 

Hard  Waters 
scussed   under  the  head  of  "Boiler   Waters." 
oduce  derangements  of  the  human  system. 

Soft  Waters 
:e  derangements  of  the  human  system  more  fre- 
aniong  those  constantly  using  than  do  hard 
To  change  from  one  to  the  other  suddenly  will, 
St  people  give  cause  for,  often,  serious  com  jlaint 
for  a  time. 

Turbid  Waters. 
not  had  traced  to  them  serious  epidemic  when 
ising  the  turbidity  has  ibeen   free  from  germ?. 
?f  reason  for  fear  in  using  them  is  because  the 
ivided   clay   or   other   matter   in   suspension   or 
has  been  derived  from  soils,  etc..  favorable  for 
tence  of  typhoid  germs  and  associates,  and  that 
mbrace  and-  deliver  germs  to  the  water  consum- 
;  Mississippi  river  contains,  at  times,  as  high  as 
irts   per  million  gallons   of   solids,    chiefly   silt, 
ounts,  by  table  No.  195  to  about  9.5  tons  per  mil- 
Ions.    The  average  amount  in  the  river  is  aboul 
s,  or  about  1.5  tons  per  million  gallons. 
ut  sedimentation,    filtration,   etc.,   e^ic^v   caXat^xv 
of  the  raw  river  water  swaUows  \v\s  ^Vv^lT^.  oH 
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the  surface.  In  ordinary  reservoirs  exposed 
id  little  circulation  takes  place  below  20  feet 
.  This  accounts  for  the  more  frequent  "purg- 
rorking"  of  shallow  reservoirs  while  the  same 
he  same  time  in  deep  reservoirs  on  the  same 
;  often  free  from  vegetable  and  animal  tastes 
An  exception  to  this  rul«  was  the  Quincy, 
^oir,  where  algje  growths  caused  trouble 
:r  was  more  than  10  ft.  deep,  but  not  when  10 
The  decaying  organic  matter  furnishing  the 
ostly  on  the  bottom  .and  if  not  disturbed  by 
,  the  organisms  thriving  upon  it  will  not  be 
be  distributed  throughout  the  water  and  as- 
propagate,  live  and  die  by  countless  thous- 
he  favorable  action  of  warm   sun  light   that 

the  entire  depth  of  shallow  reservoirs, 
an  reservoir,  especially  if  not  exposed  to  the 
lod  cr  pure  water  can  be  kept  iiidefinately 
iterioration,  while  in  such  a  reservoir,  nine  out 
ers  will  improve  with  age.  Any  stored  water 
de  safe  by  proper  (filtration  and  aeration. 

Reservoir  Bottoms. 
e  indicated  algae  and  other  growths  are  re- 
clean  reservoir  bottoms ;  therefore,  to  remove 
1  soil  containing  organic  matter,  is  a  proper 
•e.  Farming  lands  Vised  for  crops,  etc.,  should 
be  removed  to  a  depth  of  from  10  inches  to  a 
id  under  forests,  about  one-third  less;  muck 
swampy  material  to  a  few  inches  under  solid 
t  is  desirable  that  the  soil  be  stripped  to  that 
re  the  organic  matter  contained  will  be  less 
r  cent.,  but  if  stripped  as  above  suggested,  fre- 
le  amount  contained  will  be  less  than  5  per 
z  amount  of  organic  matter   is   easily  deter- 

or  near  the  work  by  taking  samples  of  the 
ess  of  a  pound  or  other  unit  weight  and  thor- 
ying  at  a  temperature  of  boiling  water.  A 
lousehold  double  boiler  or  oat  meal  cooker 
jr  every  purpose  of  a  laboratory  outfit.  Take 
Dund  or  other  unit  weight  of  the  dried  mate- 
leat  it  to  a  bright  red  and  'then  weigh.  The 
sight  divided  by  unit  weight  of  sample  used 
cent,  of  organic  matter.  Table  "No.  7  ^tv^cj^- 
m  tables  in   this   work   will   iacW\ta.le  c"a\cM- 


tion.  Use  good  scales,  but  if  they  are  not  sensitive 
enough  to  es^timate  quarter  ounces  take  four  or  nKWift 
imes  the  weight. 

Sw\MP  AND  Othek  Colored  Watesls. 
Color  from  peaty  matter,  cypress,  cedar,  bogs,  etc..  can 
not  always  be  removed  from  water  for  reasonable  cost 
Certain  of  the  colored  waters  possess  curative  proper- 
ties; many  are  in  ii£e  giving  satisfaction  as  public  sup- 
plies, Od  the  other  hand,  epidemics  of  diarrhcea  havt 
often  been  traced  to  the  i.ise  of  such  waters.  Malaria, 
etc.,  can  be  contracted  either  by  aid  of  air  or  vvater  a> 
a  conveyor,  and  many  cases  are  annually  attributed  lo 
the  use  of  swamp  water.  Ordinary  filtration  will  re- 
move much  color  from  such  waters,  becatise  much  o! 
the  color  imparted  is  on  account  of  organisms  and  other 
matter  in  suspension  in  the  water  being  colored  awl 
when  they  are  removed  by  filtration,  the  per  cent,  ot 
color  is  reduced.  The  remaining  soluble  coloring  mat- 
ter can  often  be  reduced  to  an  amovuit,  not  a^pparent  to 
the  average-  eye  by  alum  introduction.  The  aluminum 
hydrate  precipitate  or  at  least  a  portion  of  it  formed 
on  introducing  the  alum  in  waters  containing  carbonates^ 
on  account  of  their  4 e<:<5m posing  effect  on  the  alum  (sul- 
phate of  alumina)  combines  with  the  soluble  coloring 
matter.  When  the  use  of  aktm  is  for  this  specific  pur- 
pose, its  cost  will  generally  be  probi-bitive,  but  if  it  is 
used  in  connection  with  mechanical  filtration  plant,  there 
is  little  additional  toi^t.  If  the  water  is  deficient  in  car- 
bonates, they  muit  be  added  or  efficiency  of  color  re* 
duction  will  be  correspondingly  reduced.  Proper  puri- 
fication plant,  with  or  without  the  removal  of  the  solu- 
ble coloring  matter,  depending  on  its  nature  and  effect 
win  remove  all  cause  for  complaint  and  danger. 

r  Artesian  Waters. 

(See  Artesian  Wells,  also  "Filtration,*') 
Ordinary  Well  Waters. 
The  "come  from  the  farm"  label  attached  to  produce, 
butter,  chee.'^e,  milk,  with  most  peoi^le  is  a  stamp  of 
purity.  Those  who  believe  it.  better  live  on  the  aver- 
j  age  farm  a  while  or  at  least  be  engaged  in  laying  pipe 
hne^  or  constructing  re^ervQw^  m  %vsc:\\  lae^l^bborhoods. 
The  average  farmer,  tor  coT\vetufe'CLt:it  '^tvft.  *io"W^wi$v^ 
get  wet  when  it  ta\n^*'  ^a^  V\\^  ^^^^"^  ^^^  '^^^^ 
her  under  or  very  dose  to  \Vt  b's.^V  %v<io^. 
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lie  chickens  are  also  handy  on  one  side  a  short  dis- 
'e  back,  while  opposite  are  the  pigs,  and  next  to 
n  in  the  rear  are  the  cow  staWcs,  that  break  the 
d  of  a  stormy  or  heat  the  air  of  a  wintry  day.     In 

rear  are  the  horses  and  general  manure  heap,  all 
bin  as  close  a  distance  of  the  nearly  central  well  as 

general  convenience  and  size  of  the  buildings  or 
rds  will  admit,  while  scratching  away  between  will 
^und  all  the  chickens  and  ducks  (except  those  run- 
g  around  the  house  or  as  may  be  on  the  front  stoop) 
It  he  owns.  No  wonder  a  farmer  so  situated  re- 
ntly  remarked  "Don*t  put  any  two  foot  pipe  line  near 
at  well,  it  might  dry  it  up  and  I  cannot  afford  to 
irt  with  it ;  why,  last  summer  every  spring  and  water 
mrse  on  my  i6o  acres  went  dry,  but  she  never  flinch- 
1  but  gave  us  all  we  wanted  and  helped  out  the  neigh- 
)rs  besides,"  No  wonder  it  did  not  dry  up;  by  using 
condensor,  water  tower,  etc.,  we  can  return  nearly 
I  the  waiter  used  in  steam  making  to  the  boiler ;  ])y  a 
)mewhat  similar  economical  process  the  farmer  had 
turned  nearly  all  and  more  besides  to  the  well.  Such 
ells,  and  in  fact,  09  out  of  every  100,  ought  to  be  con- 
;mned.  While  they  are  permitted  to  exist  we  must 
•11  Typhoid  "the  germ  of  the  country  districts"  for 
at' .sties  prove  that  the  death  rate  in  rural  communi- 
es  from  it  exceeds  that  of  cities. 
Perhaps  if  there  was  a  way  to  avoid  taking  water 
om  the  countr}-  districts  the  death  rate  of  many  mun- 
'palities  would  be  much  decreased.  Filtration,  etc..  is 
le  only  safe  guard  a  city  can  have  against  contamina- 
"^n  of  its  water  supply,  having  its  source  in  the  aver- 
:e  Farmer's  Well. 

Vegetable  and  Animal  Growths. 
The  microscopic  and  somewhat  larger  sizes  of  vcge- 
ble  and  animal  organisms  that  make  their  periodical 
^pearance  in  certain  reservoir  and  well  supplies  in 
rgc  numbers,  giving  forth  a  terrible  taste  and  odor  in 
e  and  worse  in  death,  are  not  of  themselves  difficult 
removal  by  filtration  or  filtration  and  aeration.  One 
ust  know  exactly  what  organisms  of  those  present  are 
using  the  trouble.  A  method  that  will  remove  the 
St  cause  of  complaint  may  set  up  conditions  most 
\X)Table  for  the  growth  or  prooagatvon  oi  o\.\v^t  ot- 
'isms  contained;  giving  trouble     irom     \:\\e     ^eccycv^ 
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nth.  At  Altona,  population  140,000,  all  drank  of  the 
ne  cholera  charged  Elbe  after  it  had  received  the 
'vage  of  800,000  people,  but  after  it  had  been 
operly  filtered.  No  person  died  from  drinking  the 
LTiSed  city  supply  at  Altona. 

Boiler  Waters. 
It  is  a  common  mistake  to  assume  that  a  so-called 
tre  mountain  spring  or  soft  water  is  best  for  boiler 
^es.  Pure  water  frequently  exerts  powerful  corrosive 
>tion,  especially  at  the  point  of  entrance  to  the  boiler, 
here  gases  are  driven  out  of  solution  by  the  action  of 
sat  and  at  once  attack  the  boiler.  The  dissolved  oxy- 
m  in  all  and  the  carbonic  acid  in  many  waters  corrode 
e  iron.  Mine  and  river  water  receiving  the  discharge 
manufactories  often  contain  free  (generally  sul- 
uric)  acid;  organic  acids  are  also  present  in  some 
iters;  all  are  very  injurious. 

Magnesium  chloride,  present  in  many  waters,  at  tem- 
rature  of  about  310  degrees  Fahr,  re-acts  with  water 
form  magnesium  oxide  and  hydrochloric  acid,  the 
id  attacking  the  boiler  in  greater  or  less  degree,  de- 
nding  somewhat  on  the  amount  of  calcuim  carbon- 
i  present.  The  addition  of  common  salt  to  waters 
ntaining  magnesium  chloride  checks  corrosion  to  a 
rtain  extent  on  account  of  the  two  chlorides,  sodium 
d  magnesium  combining  and  forming  a  stable  double 
It. 

Nitrates  in  water  are  also  injurious. 
Loose  sludge  or  mud  is  usually  formed  of  calcium 
rt)onate,  magnesium  oxide,  or  carbonate;  the  magnes- 
■n  oxide  being  formed  as  above  mentioned. 
Such  sludge  by  frequent  blowing  off  need  not  scr- 
isly  interfere  with  economical  running  of  the  boiler. 
If  water  contains  calcium  sulphate,  which  is  quite  in- 
luble  in  water  above  212  degrees  Fahr.,  hard  incrusta- 
n  will  be  formed  in  the  boiler,  and  it  in  forming  cn- 
ops  much  of  the  above  mentioned  sludge,  such  alum- 
im,  iron,  silica,  etc.,  and  much  of  the  other  material, 
neral  and  vegetable  that  may  be  in  the  water.  The 
>per  use  of  a  boiler  is  to  evapor.\te  water, 
i  the  author  is  not  a  believer  in  making  of  it  an  ap- 
atus  for  the  development  of  chemical  phenomena.  If 
•d  water  must  he  used  the  best  way  to  remo\e  ?.c^\t 
'y  mechanical  scraper !^,  etc.,  but  the  belter  vjsiy  \^  \.o 
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Tabic  No,  J96,— Continuei 

(  Slacked  lime  and  filter- 
:«Lse  (from  condensed  Corrosion  i  *"*f*  Carbonate  of 
^ater].  \     soda.  Substitute  min- 

l     eral  oil. 

(Precipitate  with    alum 
or  ferric  chloride  and 
filter. 
Qloride   and    sulphate    _  *     •  »  Addition  of  carbonate 

^{magnesium.  Incrustation.-,     of  soda,  etc. 

1-16  inch  thickness  of  scale  in  ordinary  boiler  increase*  fuel 
■-11  from  5  to  lo  per  cent. 

M6-inch  thickness  of  scale  in  ordinary  boiler  in- 
creases fuel  bill  from  5  to  10  per  cent. 

FILTRATION,  AERATION,  £TC 

Many  centuries  ago  the  Chinese,  Egyptians,  and  oth- 
rrs  placed  aluminous  rocks  in  their  water  jars  to  assist 
n  removing  impurities.  In  1839  James  Simpson  con- 
tructed  a  filter-bed  plant  for  the  Southwark  and  Vaux- 
lall  Water  Co.,  that  in  no  essential  detail  was  different 
han  the  present  style  of  bed.  If  rates  of  flow,  etc., 
lad  then  been  properly  understood,  the  purification  ef- 
ected  would  have  been  as  grealt  as  by  modern  beds. 
?rom  time  to  time  since  then,  chiefly  in  Europe,  fihcr- 
leds  have  been  constructed  on  the  same  general  lines 
intil  about  20,000,000  people  are  now  furnished  daily 
vith  water  purified  by  filter-beds.  For  many  years  alum 
vas  used  in  connection  with  filter-bed  operation,  but  its 
ise  is  fast  becoming  obsolete  except  with  very  turbid 
)r  much  .stained  waters.  Mechanical  filters  are  the  out- 
•ome  of  American  genius  but  differ  not  in  principle  from 
he  filter-bed  and  alum  method.  The  chief  difference 
s  in  the  rate  of  flow ;  it  being  from  50  to  100  times 
jreater  in  the  mechanical,  and  in  the  methods  of  clean- 
ng  the  bed. 

The  beneficial  effect  of  aeration  was  noticed  centuries 
igo,  while  as  early  as  1846  the  use  of  alum  and  air 
or  water  clarification  was  in  use  in  Conn.  See  page  361. 

The  use  of  air  underneath  a  filtering  medium  for  the 
nirpose  of  assisting  in  the  work  of  purification  and  for 
igitating  the  bed  when  cleaning  was  first  used  in  1889 
•y  the  author.  The  first  public  supply  to  be  purified  and 
liter  to  be  cleaned  by  this  method  was  at  Nantucket 
nd  constructed  by  him  in  1892.  The  following  is 
uoted  from  the  Massachusetts  State  Board  of  Health 
*eport:     "The  results   are   particularly   mlexeslm^  ^% 
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orgimc  malfef  as 
isejited  by  the  a  I  bum  mo  id  amnicrtiia  was  removed 
^  out  of  1 6  genera  present  were  filtered  out ;  creno- 
krix,  that  organism  giving  much  troiibli  in  Well  Sup- 
ples, and  anabaena  &pore>  were  absent  in  the  Altered 
rater,  while  out  of  a  total  of  216,000  anailiaena  pi*r  too 
centimeters,  but  3-^*50  remained;  99  t-j  per  cenL 
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Kjjtr.— The  scale  marked  is  not  correct,  the  drawing 
Wing  been  reduced  so  that  scale  is  now  approximately 
^5  fr.  to  the  inclh 
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were  therefore  removed.    Tire  tron  war  Ttdw 
twelfths;  this  was  because  of  aeration  and  the  fat;  dat 
crenothrix,  an  iron   secreting   organi,>m  was  reroovei 

An  average  of  96  per  cent.  rertKival  of  njicTO-ofgJOr 
hvn5  was  effected  during  three  months  period  of  ^ 
water.  The  Xaniuckei:  Filter,  though  it  cati  do  Jiidl 
effic'-^nt  work,  as  shown  by  the  analysis,  is  ooi  pi^rfect; 
but  as  it  is  the  Pioneer  of  it^  kind.  Fig.  34  is  insre- 
diiced  to  show  its  construction,  and  point  out  tk 
mt^thcxls  there  adopted  that  should  'be  avoided, 
fairness  to  the  designer,  it  should  be  stated  thai  tfee 
original  plan  called  for  a  filter  bed  ami  collecuni  w«i 
he  low  the  level  of  the  pond,  but  that  expense  of  quidfr 
sand  excavation,  etc.  made  necesaary  Its  abandon!7i?«tf 
in  favor  of  plan  adapted.  The  air  used  was  from  tin 
hot  engine  room:  it  should  have  been  taken  from  i 
cooler  place.  To  save  expense,  while  one  side  of  I 
duplex  pump  is  pumping  water  to  the  top  of  the  filtef' 
bed,  the  other  side  i.^  pumping  air  to  either  the  drain* 
or  collecting  well  or  both.  Under  small  heads,  by  chaaf- 
mg  clearance  space  of  pump,  this  can  be  done,  saviilj 
cost  for  compressor,  hut  it  is  not  good  practice.  The  <!o9^ 
lecting  well  as  constructed  concentrates  the  heat  of  tk 
summer  5un,  even  as  a  tin  roof,  the  teniperature  in  wdl 
being  frequently  in  e^scess  of  100  degrees  Fahr. 

Clay  for  embankment  being  very  scarce,  the  depth  of 
water  over  filter  bed  is  too  shallow,  being  alK>ut  JO  f - 
ches*  After  fihration.  the  water  is  pumped  to  an  e^ 
posed  open  stand  pipe,  there  again  to  remain  in  the 
light  until  used,  in  fact  every  successive  step  tends  l» 
heat  up  the  water,  with  final  exposure  to  ^ 
sun,  when  the  reverse  should  be  pracJtieed.  TN  ^ 
suit  is  that  there  are  certain  days  when  it  will  wH** 
its  work  properly,  but  any  plant  constructed  <>n  ^ 
same  general  lines,  avoiding  what  is  al>ove  pointed  o<it. 
and  what  would  have  been  avoided  in  the  first  des# 
will  remove  all  cause  for  trouble  fro»m  swch  orgsitt'^ 
as  were  there  present.  The  s^uccess  of  the  author  ^ 
constantly  removing  them  for  periods  of  ten  yc*^ 
where  all  precautions  have  been  taken,  proves  this  ^ 
cost  of  rhe  plant  at  Nantucket,  including  cnginMr"'^ 
was  about  $4,500.  Cost  \o  o^pei^vt,  -afe^yy^t  ^2.08  pff  ^ 
lion  gallons, 
In    1800,   as    before   mentiOTvtd,  I'tvt  ^^v  Wsss^ 


kthel,  Conn.,  had  to  shut  down  on  account  of  the  qual- 
ty  of  the  water  supply;  its  taste  and  odor  from  vege- 
able  and  animal  matter  was  (if  possible  to  be)  worx.- 
lian  at  Nantucket 

A  filter,  with  provision  for  aeration,  and  submerged 
»llecting  well,  was  constructed  by  the  author  and 
lis  father  and  was  put  in  operation  three  years 
wior  to  the  much  quoted  Lawrence  Filter.  Continued 
inalyses  showed  removal  of  over  go  per  cent,  of  the  or- 
ganic matter  as  represented  by  the  albuminoid  amnio- 
lia,  and  09  per  cent,  removal  of  micro-organisms  witli 
ill  taste  and  odor;  that  it  h?.s  continued  to  do  this  for 
ittle  money  for  over  ten  years,  and  that  there  is  no 
4YSTERY  connected  with  the  removal  of  tastes  and 
idors  from  vegetable  and  animal  matter  from  water 
upplies.  the  following  recent  letter  from  the  Botiu] 
Vater  Commissioners   will   show: 

BETHEL,  Conn..  April  28.  u)oi. 

osEFH  B.  Rider,  C.E., 

Consulting  Engineer, 

South   Norwalk,   Conn. 

De.\r  Sir  : — Yours  received.  Was  glad  to  hear  fr  mi 
^ou  ano  to  know  that  you  are  still  in  the  filter  busiiu'^s. 

I  can  say  that  the  filter  is  working  satisfactory  in 
^.VERY  respect.  As  I  told  Mr.  Hatch,  I  should  a(ivi>f 
I  double  filter  so  one  could  be  filtering  while  the  oilur 
vas  being  cleaned;  this  would  save  impure  water  from 
going  into  our  mains  while  we  are  cleaning  it.  I  slionld 
ilso  advise  some  kind  of  a  hard  bottom,  with  cenuiit 
walls  around  the  bed  at  a  height  of  sand  bed;  ihi- 
would  cost  little  and  would  make  it  impossible  lor 
water  to  go  through  anything  but  sand. 

We  CLEAN  our  bed  in  June  or  July  each  year  as  we 
get  better  effect  from  the  sun  in  either  of  those  month > 
as  the  sun  is  directly  over  the  be'd,  which  makes  the  de 
posit  dry  quicker  and  easier  to  clean.  We  put  on  4 
inches  of  sand  each  year.  We  have  taken  from  onr 
bed  as  high  as  twenty-two  horse  loads  of  deposit  at  a 
cleaning,  so  you  see  we  deprive  the  people  from  c  )n- 
siiming  that  amount. 

I  have  watched  this  system  for  a  long  time  and  find 
it  easy  to  operate.  It  costs  an  average  of  $35  (thirty- 
five  dollars)  a  year  for  sand  and  work  in  cleaning,  so 
you  see  it  is  not  expensive  to  handle. 

We  have  maintained  the  pressure  in  the  Borough  with 
only  one  foot  of  water  on  the  filter  bed.  Our  pres- 
sure is  just  as  good  when  using  the  filter  as  iwhen  we 
jo  not.  At  midnight  when  the  factories  are  all  shut 
Wffv?  we  have  8s  /b.s.  pressure:  when  they  sire  2l\\  twtv- 
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nijig  in  the  day  time  we  have  75  ^^s-  a-t  the  saiKie  pli 
that  is  at  O.  Benedict's  Hat  Factory,  about  a  mile  C 
the  reservoir  and  filter. 

The  TOTAL  cn^T  to  mamtain  and  operate  the  filter 
the  la^t   to   (ten)   years  has  been  $400   (four  IW 
dollar>)  and  this  sum  included  some  extra  work 
population  is  .1*500.     I  think  your  father  toi4  us 
that  the  daily  cojistimption  was  about  2O0,CKX)  ga 
but  v^*e  couldt  in  my  mind,  pass  through  the  filter 
000  gallon  «v  per  day  should  it  be  required. 

The  filter  gut  clogged  a  little  once  and  we  gavi!  it 
"back  pressure*'  atxd  it  done  the  business  all  right;  now 
we  give  it  the  back  pressure  once  a  year.  Shoii'd  y«i* 
want  any  other  data  or  reference^  write  and  I  will  k 
glad  to  answer  you,  as  I  ca^i^ot  sav     too    uv<n  itf 

FAVOR   OF  THE   SYlSTEM, 

The  lilter  is  in  continnous  u^e  except  for  one  or  f«ft' 
days  each  year  while  it  is  being  cleaned. 

We  do  not  pay  any  attention  to  it  only  oycE  a  vtAt 
The  commissioners  told  me  to  write  anything  I  m 
fit  and  sign  their  names. 

Yours  truly,  (C  H.  Hart*  for) 
Q  H.  FIart^  Water  Commis?iiontr^ 

A,  W.  Twtss,  Borough  of 

A.  T.  NoxON,  Bethel  Conn. 

The   total    first  cost,   chargeable   to   filter   at 

Bethel  was  $3,000.00 

The  total  first  cost  per  capita  was  less  than  l»oo 

The  annual  cost  per  capita  for  interest  ape. 

is  o.<J| 

The  annual  cost  per  capita  to  maintain  and 

clean  is  0.01 1| 

The  total  annual  cost  for  pure     water     per 

capita  is  less  than  o,osl4 

or  less  than  five  and  one-sixth  cents. 
The  annual  interest  account  amounts  to  3000 

X  .04  enuals  liooo 

The  annual   cost     to     maintain     and     clean 

amounts  to 
The  total  annual  cost  for  pure  water  amounts 

to 

The  daily  consumption  is  not  less  than  200.000  j 

Ions,  or  73,000*000  per  annum ;  therefore  the  total  < 

at  Bethel,  Conn,,  for  the  last  ten  years  for  a  watel 

every   way   satisfactory,    derived   ^Totv^  ^H-ki^tr  cbaJ 

as  highly  wiLh  veget^Ue  awd  amm^V  ^TQ^anV^.^X^^^js^'^ 

tastes  and  odori^.  lis  any  tV^t  t^e  ^vi'OaoT  \\^^V^^^ 

J^nd  with,  has  beet.  $2/tq  p^v  tnXWKo^  ^^\\ot.s.  ^^^] 
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fact,  most  of  this  amount  is  done  wit^iin  the  yp{>a^ 
indv.    The  German  law  prohibits  less  than  i^  incfa»l 
finv  sand. 

i  he  under  drying  :^hou1d  be  laid  in  paralleJ  rows, 
open  joints,  covered  with  fine  gravely  and  not  a 
distance  apart  than  depth  of  the  bed.     Spaces 
^m}   to  point    few   inches  above   thetn  should  bt 
with  broken  stone  {4  inches  to  6  inches  above  is 
pie).    Coarse  gravet  fine  gravel  and  coarse  sand 
follow  in  about  equal  depth  layers  of  frcm  3  io^ 
6  inches  each,  or  sufficient  depth  of  each  so  that 
show  as  distinct  layers.     It  is  good  practice  to  have 
drains  on  a  alight  grade  toward  the  collecting  well 
bring  tjie  broken  stone  layer  to  a  level  plain ;  this 
the   bed  thicker   near  the  collecting  well   at  points 
least  distance  of  travel   for  water  entering  the 
and  te^ids  to  give  a  more  imiform  rate  of  flow  thrai 
all  points  of  the  bed. 

The  fine  sand  of  top  layer  should  be  at  least  I3  i: 
deep,  if  gertns  of  disease  are  in  the  raw  water  li 
ctable  or  Minimal  matter  or  turbidity  is  the  CDuse  fi 
comrplaint,  less  depth  ca.n  be  used  if  care  is  t^kcn 
replace  sand  removed  after  each  *' scraping.''  In  c 
case  where  sand  was  expensive,  the  author  obtained 
average  constant  removal  of  gj.s  per  cent,  of  ot^ 
isms  during  >casons  of   '*bad  water"   with  4  inches 


up  in  a  feu*  cubic  feet  of  sand,  stir  it  thoroughly 
h  hoes;  two  men  on  opposite  sides  (ends)  of  the 
c;  keep  putting  in  more  sand  and  stir  it 
ul  box  is  about  one-half  fuU;  drain  off  water; 
nove  sand  to  the  filter-^bed,  and  repeat.  If 
id  is  not  obtainable  or  is  too  expensive,  wash  in  a 
lilar  manner  material  from  hard-pan  bank,  separating 
:  coarse  and  fine  material  by  water  carriage  and 
eens.  J'he  Bethel  Filter  was  oonstnioted  of  material 
im  a  hard-pan  bank — not  even  one  cubic  yard  was 
ained  from  any  so-called  sand-bank. 

Rate  of  Flow. 
^ov  waters  containing  sewage  and  most  turbid  waters, 
to  3.5  million  gallons  per  acre  per  24  hours  is  gener- 

Y  best.  For  waters  containing  algae  growths,  a  much 
^er  rate,  5  to  7  million  gallons  can  sometimes  be 
id;  in  fact,  with  any  water,  the  rate,  within  limits,  is 
t  as  important  as  to  maintain  a  uniform  rate.  Sew- 
!  has  been  removed  from  water,  together  with  dis- 
;e-producing  germs,  at  a  9  million  rate,  but  it  is  best 
keep  the  rate  as  low  as  possible  consistent  with  reas- 
ible  expenditure. 

ST  OF  Ordinary   Filter-Beds,     Using     Downward 

Filtration. 
rhe  Englisih  and  Continental  beds  have  cost  from 
50  to  $2.50  per  square  foot  complete.  Many  are  cov- 
:d  to  prevent  ice  forming  over  them.  To  cover  adds 
average  of  100  per  cent,  to  the  cost.  Certain  uncov- 
;d  beds  in  America  have  cost  as  high  as  $100,000  per 
•e;  this  is  on  account  of  their  small  area  and  appur- 
lances  costing  nearly  as  much  for  small  as  a  large  bed. 
le  Lawrence,  Mass.,  Filter-bed  (2.5  acres)  cost  $75.- 
3,  with  $2.00  per  day  labor,  or  $30,000  per  acre.  At 
ual  price,  $1.50  per  day  for  labor,  cost  would  have 
2n  about  $22,500  per  acre  complete.  Rate  of  flow 
opted  at  Lawrence  was  2  million  gallons  per  acre 
■  day.  The  filter  was  designed  to  run  intermittently, 
t  there  is  no  apparent  advantage  in  so  running  a  fil- 
.  for  the  removal  of  disease-producing  germs,  if  the 

V  water  is  not  deficient  in  oxygen.  In  99  cases  out 
100  it  is  not. 

!f  it  is  not  necessary  to  build  embankment  or  wall 
irely  around  the  proposed  filter-bed,  as  \s  V\\^  ^-a.-^^ 
?/?  it  can  be  placed  below  a  dam  in  a  tav\ne  ot  v^W^  . 
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extent ;  this  fact  must  not  be  overlooked  in  design 

ration  plants. 

ler  uses  of  air  are  explained  under  **Upward  Fii- 

n." 

Mechanical  Filtration. 
1895,  the  author  reported  at  Phila4elphia,  Pa.,  rel- 
to  the  purification  of  the  City  supply.  The 
'd  said  in  part,  editorially,  as  follows:  "The 
'd  has  already  commented  upon  Engineer  Joseph 
ider^s  report  on  a  municipal  water  filtration  sys- 
to  the  effect  that  this  well  known  expert  has  pre- 
1  to  the  City  the  first  definite  plan  of 
irification  of  the  drinking  water  of  the  community," 
etc. 

that  report  filter-beds  constructed  outside  the  res- 
rs  were  advised,  and  at  greater  cost  another  plan, 
id  for  beds  was  not  available,  of  constructing  them 
e  reservoirs,  using  air  as  at  Nantucket,  and  up- 
I  filtration,  allowing  a  chance,  as  Henry 
nann,  M.  D.,  Ph.  D.,  of  the  State  Board  of  Health, 
the  author,  had  determined,  for  an  average  of  over 
;r  cent  of  the  matter  in  suspension  to  be  deposited 
edimentation,  without  coming  in  contact  with  the 
(See  ''Upward  Filtration.")  Because  of  the 
rt  (copy  of  which  will  be  sent  to  those  desiring  it), 
.s  been  Assumed  by  many  that  the  author  is  not  in 
r  of  Mechanical  filtration.  It  was  distinctly  stated 
mechanical  filters  could  do  good  work,  but  that 
did  not  always  do  it,  and  that  for  Philadelphia 
would  not  be  most  economical  even  if  they  did  do 
ect  work  at  all  times.  Philadelphia  has  since 
)ted  and  is  constructing  filter-beds.  Since  that  time, 
old  type  of  pressure  filter  has  been  fast  going  out 
se,  and  the  "open  gravity  type*'  (then  not  so  highly 
ected)  is  now  the  standard,  and  is  without  doubt 
ig  splendid  work  for  many  municipalities.  As  now 
►tructed  and  operated,  they  can  either  alone  or  in 
bination  with  aeration  and  sedimentation,  purify  any 
!r  that  can  be  made  pure  by  filter-beds,  aeration  and 
mentation. 

''ithin  a  short  time  certain  makers  have  adopted  the 
em  of  perforated  air  pipes   for  agitating  the  sand 
used  by  the  author  at  Nantucket. 
ie  action  of  sulphate  of   alutnina    CaVvwtv^    \^  ^tv 
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cribed  under  "Swamp  and  Colored  Waters ;"  it  ia 
the  only  coagulcni  used  to  any  extent.  Its  aflvouflt 
vary  from  a  fraction  of  a  grain  to  5,  or  even  more 
pt^r  gallon,  with  a  highly  turbid  water  puri^ed  flni 
subsidence  in  separate  basin.  At  Norfolk,  \'a,.  wiitii' 
water  at  timei  quite  turbid  and  highly  colored  wiili  ^^ 
etable  matter,  2.5  grains  per  gallon  were  used  dui 
a  teist  with  pcrfe<;t  satisfaction,  giving  results  as 
lows^ 

Albuminoid  ammonia  removal,  94  per  cent. 

Color  removal,  93*6  per  cent. 

Bacteria  removal,  95.5  per  cent. 

At  Norfolk,  advantage  of  12  to  15  hours  sub=idi 
is  obtained  in  5  million  gallon  basin  or  reservoir 
capacity  of  the  plant  is  8  million  gallons  per  day 
cost  complete  about  $13,000  per  million  capacity* 
with  money  w^orth  4  per  cent*j  the  interest  accoi 
amounts  to  $1.42  per  million  gallons  fihered.  The  coi 
to  operate  the  plant,  furnish  co.agulent  and  other  e^p» 
ses.  except  repairs,  sinking  fund  and  interest  are  t^^ 
mated  by  the  Superintendent  and  Chief  Engineer  € 
$5.47.  We  therefore  have  a  total  $6,89  per  mill  ion  g^ 
Ions  as  the  co-it  at  Norfolk,  exclusive  of  repairs  and 
linking  fund.  The  situation  at  Norfolk  is  no  oritcnoft 
however;  each  case  must  be  considered  alone;  loctl 
txmditions  will'vary  every  item,  and  as  fuIUinfonnatioo 


ater;  if  it  did  or  would,  all  air  valves  would 

It  the  lowest  points  on  a  pipe  line. 

k'ill   not,  of  its  own  accord,     fk>w     upward 

r :  if  it  did  all  wells  would  flow  and  reservoir 

lid  have  to  be  tied  to  the  bottom. 

1   flowing  downward  with  suflrcient  velocity 

h  it  such  loose  material  as  may  be  attached 

mel  or  medium  through  which  it  flows ;  if  it 

•*blow-offs"  on  a  pipe  line  should  be  situated 
lest  points. 

lerial  deposited  by  water,  can  generally  again 
d  by  it,  esipecially  if  the  current  used  In  re- 
1  the  opposite  direction  and  assisted  by  grav- 
neglect  of  this  fact  that  has  caused  so  many 
"allures,  such  as  the  Queen  Lane  Reservoir 
Iphia.     River  silt  is  frequently  mistaken  for 

fact  that  clay,  if  moved  at  all  has  been 
a  body,  and  not  particle  by  particle,  should 
remembered. 

nearly  eight  years  ago,  the  author,  as  pres- 
engineer  of  a  small  water  company,  had  to 
ith  a  turbid  water  in  a  climate  severe  enough 
)  to  form  12  inches  to  14  inches  of  ice.  Up- 
tion  was  not,  nor  is  it  now  popular;  ist,  be- 
Rivers  Pollution  Commission  Reports  are  to 
that  it  is  not  a  rational  method ;  2d,  because 
n,  Del.,  and  other  places,  with  rapid  rates  of 

tried  it  with  small  success.  When  proposed 
hor,  as  a  possible  solution  of  the  problem  at 
lia.  such  experts  as  George  W.  Rafter.  Wm. 

and  others  refused  to  pass  an  opinion,  or 
1  it.  Henry  Leffmann,  M.  D.,  Ph.  D.,  of  the 
nia  State  Board  of  Health,  on  the  other  hand, 
nany  years  experience  with  Schuylkill  water, 
mitted  that  no  principle  involved  in  the  pur- 
f  a  water  supply  had  been  changed,  simply 
ater  was  made  to  flow  in  a  direction  opposite 
stomary  direction  in  most  designs  of  filters, 
advantage  of  sedimentation,  when  the  water 
ig  slowly  upward  to  the  filter-bed  could  not 

by  experiments,  but  was  feasible  and  practi- 
le  face  of  such  opposition,  fearing  he  was  in 
le  author  contented  himself  by  con\.m\\\TV^ \v\% 
s.  and  for  eight  years  has  noted  t\\e  vt^c\Acak> 
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t  operated  from  three  to  five  times  as  long 
waning  than  the  Downward  flow  beds  with  the 
r,  where  every  particle  of  matter  in  suspen- 
:  water  helps  to  form  a  blanket  of  oonsidera- 
on  top  of  the  bed,  through  which  all  water 
:  that  it  is  no  more  trouble  to  clean  the  bed 
o  open  an  ordinary  valve,  and  that  ^e  water 

cleaning  the  bed,  will  seldom  exceed  i  per 
e  consumption,  or  amount  purified;  that  the 
s  seldom,  if  ever,  greater  than  the  generally 
tandard  filter-bed;  that  a  filter  so  construct- 
operated  downwards,  if  at  certain  seasons  it 
e,  and  the  sedimentation  chamfber  used  as  a 
Eiway  from  the  light.  Knowing  the  results 
onstantly  throughout  a  period  of  eight  years 
smical  and  biological  standpoint,  the  author  is 
o  substantiate  his  opinion,  in  the  face  of  any 
by  designing  and  constructing  such  plants 
n teeing  the  results  from  every  standpoint  to 
d. 

ays  best  to  imitate  Nature  when  possible,  and 
to  have  well  established  natural  laws  and  phe- 
isist.  rather  than  have  them  in  opposition.  In 
led  sedimentation,  upward  ifiltra.tion  and  aer- 

sand  agitation  when  necessary  method  this 
Y  done,  while  all  are  in  direct  opposition  in 
•WRD  filter-bed  method. 

On  page  3.17,  the  use  of  alum  and  air  for 
ificalion  in  1846  is  mentioned.  In  that  year 
s     of  Norwalk  river  were  made  suitable  for 

coloring  purposes  by  a  prominent  Hat  Man- 
by  the  use  of  alum  and  air.  John  Rider,  a 
engineer  of  considerable  note,  had  to  do  with 
nction  and  operation  of  the  plant  which  was 

entire  success  for  several  years  or  until  for 
easons  the  plant  was  removed  elsewhere.  Wil- 
^ider,  C.E.,  constructed  purification  plants 
and  alum  prior  to   1872.     Others  have  done 

no  doubt,  but  the  above  instances  are  cited 
•  the  fact  that  the  author  can  show  by  papers, 
s  possession,  that  their  use  in  water  purifi- 

his  family  at  least)  dates  back  three  getiera- 
'y  one  desiring  to  use  air  or  a\utt\  cetXaArX"^ 
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Hxre  tfer  rigJit  to  4o  50,  wt^Dor  fear  of  siidl  law 

Ts  have  heiEii  oitea  threatemed.  pcovidicd  ilie  nse^n  ■ 

ipplt'MtiOTi  iloes.  nut  itifrin^  on   crftaii!  patents. 

WATBR  STORKS   FWIil   A   FIREHAN   AM) 
SURANCE  COMPAJ?4Y  STANDONT 

A  lirr  ts  mjver  'Ueyond  cootroA"  wbere  ±1^  ml 
SOod  tire  dcpaitm^m  with  ptroper  ecLaiptneni.  smpk] 
, quantity  and  pressing  a£  water. 

Qinlla{|ra£ioii  i^  aluwajs  tbe  direct  resitlt  oi 
:q  puDvide^  Qiwr  ur  Tm^re  vjt  the  alwwe  ^scnbe^ 

In   iQOOt.  Apaiadxicola.   Florida   p^d  iiK  penaltf  i 
rcfu&uig  t0  pro^idiC  a^j  metfaod  of  proiectiaa  b« 
ti^  iter  ^gimi^tsS'  ccati?;  sJaontt  a  jcar  kaicr  1« 
tost  £Efi  »— **'^'*  diaJIar^  i>r  a|>t>gQ3U«afaiy  %od  per  i 
\yj  tire;  a  siam  :^ixfficieiit  ro  havie  pcovided  every  piflcc ' 
ia  dw  ^m$m  m^dk^  it,  with  up-to-date  water  vt^rks  1 
lire  dcgpraamt  fipiipiirnf    loanv^  tmnes  over, 
Gkseikal  Da  fa.  TEMPSft^VTU&E,  ere 

Wood  dmrs  dX  350  decrees  Fahr. 

WiKid  takes  fire  at  550  dsegje^  Faiir. 

WatET  ciaangEs  to  ste^un,  in  ofieti  atmosphere,  at  3i* 
iegrees  Fahr. 

Steam  changes  to  bjdmsen  and  oxygea  gases  al  14?* 
iegrees  Fabn 

Oscy^rn  stipportij  cennfcitstiaii ;  lack  of  it  will  pot  o«S 
a  fire. 


TaUe  No.  198 

.OR  OF  Flame  and     Corresponding    Temperature. 

3  denotes  a  temperature  of  about  977  degrees.  Fahr. 
ERRY  denotes  a  temp,  of  about  '1470  deg.  Fahr. 

AXGE  denotes  a  temp,  of  about  2000  deg.  Fahr. 

HiTE  denotes  a  temp,  of  about  2370  deg.  Fahr. 

iST  Iron  melts  at  a  temp,  of  about  2000  deg.  Fahr. 
.ASS  melts  at  a  temp,  of  about  2400  deg.  Fahr. 

lEL  melts  at  a  temp,  of  about  2550  deg.  Fahr. 

ROUGH T  Iron  melts  at  a  temp,  of  about  2900  deg.  Fahr. 
iRR  Brtck  fuse  at  a  temp,  of  about  4000  deg.  Fahr.  and 
above. 
/ater  Works,  in  the  Order  of  their  Reliability  at 

A  Fire. 
Gravity  works  are  considered  most  reliable;  they  arc 
ipposed  to  ALWAYS  "be  ready"  while  a  pumped  supply 
lay  not  be. 

Next  best,  is  system  pumping  to  a-djacent  distribu- 
on  reservoir  of  ample  capacity  to  supply  in  case  of 
ipairs  or  "break  down"  at  the  pumping  station.  The 
^servoir  should  not  hold  less  than  one  week's  supply 
us  reserve  sufficient  for  six  hours'  supply  for  great - 
t  probable  fire ;  this  reserve  should  always  be  ready  for 
stant  use  and  the  reservoir  so  constructed  that  even 
hen  it  is  being  cleaned  or  repaired,  one  section  of  it 
'11  retain  the  above  reserve. 

Next  best,  pumping  to  large  standpipe  of  sufficient 
ight  to  give  ample  pressure. 

Next  best,  pumping  to  a  small  standpipe  of  sufficieiu 
ight  to  give  ample  pressure. 

Next  best,  pumping  direct  into  the  mains  without 
ndpipe  or  reservoir. 

\11  pumping  .systems  should  be  at  least  in  duplicate 
:h  ample  boiler  and  pump  capacity  in  each  unit  to 
e  the  full  maximum  daily  load  plus  fire  streams  with- 

"forcing." 
Vith  large  distribution  reservoir  close  to  business 
tre.  all  fires  can  be  drawn  for  a  day  or  so  at  a 
e.  provided  two  mains  of  ample  capacity  connect 
with  the  distribution  system.  Never  have  both 
nps  apart  or  all  boiler-s  disconnected  at  the  same 
e;  keep  one  set  ready  '*to  start"  w"\t\\\TV  ^  ^vj  tc\\xv- 

after  a/i  alarm  of  fire. 
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ssure  to  be  delivered  at  fire.  Cast  iron  mains  and 
dials  are  most  reliable  and  popular.  ' 
teel  mains  are  ''rusted  out"  rapidly  by  most  waters, 
ler  waters,  especially  many  of  the  Pacific  slope  have 
le  effect.  Where  transportation  is  expensive  or  iron 
h  priced,  they  often  can  be  used  to  advantage. 
!^ement  lined  pipe  lines  are  not  in  favor  widi  insur- 
:e  companies  presumably  because  several  main  lines, 
Massachusetts  and  elsewhere,  have  been  ruined  by 
itning.  Many  old  cement  lined  mains  were  made 
:h  poor  cement  and  just  as  little  of  it  as  was  possible 
use  and  make  the  sand  remain  in  place,  resulting  in 
idemnation  of  such  pipe  lines  in  general.  As  now 
de  by  reputable  makers  they  are  certainly  giving  sat- 
action  in  numerous  municipalities.  The  cement  lin- 
f  prevents  tuberculation  (see  Table  No.  136)  and 
IS  the  original  area  of  the  pipe  and  discharging  ca- 
::ity  are  maintained. 

For  this  reason  it  would  not  be  a  bad  idea  to  coat  the 
iide  of  cast  iron  mains  with  cement  as  laid. 
Pipes  made  of  wood  are  little  used  for  main  lines  or 
crals  intended  for  fire  protection  and  domestic  uses; 
len  properly  made  such  pipe,  in  the  eastern  and  cen> 
il  states  "is  nearly  as  expensive  per  foot  laid  as  cast 
>n  of  the  same  diameter.    The  best  place  for  such  pipe 

under  the  "lead  kettle"  melting  lead  for  joints  of 
St  iron  main  to  take  its  place.  For  large  conduits  in 
Mtthern  California  and  elsewhere  that  are  to  supply 
Iter  for  irrigation  as  well  as  other  purposes  local 
>od  can  often  be  used  for  less  money  than  iron  or 
;el  on  straight  work,  using  wrought  iron  or  steel  on 
arp  curves.  Such  conduits  are  best  constructed  in 
t  trench  as  the  work  proceeds,  if  above  18  inches  in 
imeter. 

STRiBUTiON   Systems,   Effect  on   IniSurance   Rate, 
^mall  laterals  increase  insurance  rate, 
^our  inch  pipe  should  not  be  laid  in  a  business  centre 

in  location  liable  to  be  occupied  in  near  future  by 
;iness  blocks. 

>ix  inch  in  the  minimum  size  of  pipe  that  should  be 
i  in  a  business  centre. 

sight  inch  costs  little  more  and  "will  pay  for  itself" 
every  fire  of  few  hours'  duration. 
eed  all  laterals  from  both  ends  when  ^^?\\i\^N  N^\^ 
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coodkioas  wtU  d<>uble  iht  ckUTCrr 
^Ee  at  m  hjdraivc  or  hjdrants  connected  to  it. 
ihis.  ncaitoot  be  done  lay  at  least,  next  larger  >\it 
than  the  ooe  coBtemvlatcid 

fn  irreguUr  laid  owt  cities  kx>p  around  the 
until  aiaple  size  main  and  connect  it  at  ever? 
pla«e  wM  cross  connecting  laterals. 

If  ihe  dtF  is  large  and  laid  out  in  squares  or  l^i 
mn  at  I<ast  12  inch  parallel  mains  evtry  second  or 
street  and  cross  connect  them  with  8  or  to  inch  hu 
of  themselves  connected  at  every  iniersection.  Burli 
ton.  K.  J.,  poputaiion  about  8,000.  has  its  business 
tne  cnrimcctxd  by  t6  inch  main  with  die  stand^tipt 
p^jrnpmg'  station  a  few  blocks  or  squares  away,  rtius  giv- 
ing e^icient  fire  protection  reducing  friction  to  1  prK> 
iical  minimum  and  carrying  standpipe  pressure  with  til- 
tie  Iqss  to  the  hydrants. 

Phitadelphia,  Pa.,  on  the  other  hand  has  dozeni  * 
mile-  of  6  and  S  inch  lines  in  locations  where  iicaJtf 
j^»  an4  48  inch  ought  to  have  been  laid.  Boston  haijfl 
per  cent,  of  its  distribution  system  la  in  :  New  York  h^ 
slightly  less,  tf  there  is  a  difference  of  opinion  as  to 
which  of  two  si7es  to  lay,  choose  the  largest;  mbercviJi- 
tMrn    wjll    reduce  its   edacity   soon   enough'  (sec  Tibi< 

The  dtfTtTi  nee  iii  insurance  rate  in  favor  of  an  8  inrfi 


Hydrants. 
le  best  hydrant  is  none  too  good;  they  should  all 
I  by  turning  wrench  in  same  direction.  They  should 
>pened  and  closed  slowly;  under  ordinary  condi- 
s  as  many  seconds  should  be  used  in  closing  the 
rant,  at  a  uniform  ra*e  as  there  are  pounds  static 
isure  at  the  hydrant  If  less  time  is  consumed, 
.ter  hammer"  will  result.  (See  "water  hammer.*') 
'o  hydrant  should  be  allowed  to  "freeze  up;"  do  not 
ays  blame  the  drip  because  it  has;  investigate  and 
if  it  is  properly  drained. 

ti  New  England  hydrant  branch  should  be  covered  at 
it  4  ft.  at  gutter  line.  In  the  North  West,  5.5  ft.  or 
re. 

lave  adjacent  hydrants  on  opposite  sides  of  the 
set,  so  that  at  a  fire  all  will  not  be  on  the  "wrong 
e." 

^our-way  hydrants  are  not  as  desirable  as  more  two 
three  way  ones. 

^Jever  use  less  than  a  six  inch  connection  for  two 
i  three-way  hydrants. 

lach  hydrant  branch  in  locations  where  building  line 
3n  or  close  to  the  street  line  should  have  independent 
te,  otherwise  falling  walls  may  snap  off  the  hydrant 
ndnipe  allowing  a  six  inch  streaim  to  run  to  waste  and 
reduce  pressure  that  other  streams  will  not  be  effet- 
e.  The  common  method  is  to  put  the  gate  as  close 
the  hydrant  as  possible;  it  is  'the  author's  practice  to 
t  them  close  to  the  main  pipe  or  lateral ;  this  allows 
om  for  accumulation  of  debris  over  and  near  the  hy- 
ant  and  saves  loss  of  time  necessary  to  remove  it 
•fore  stream  can  be  shut  off. 

An  average  hydrant  set  costs  much  less  than  100  feet 
hose.  Hose  rapidly  depreciates  in  value  (see  hose) 
iiile  hydrants  do  not.  Hydrants  are  therefore  cheaper 
2n  hose ;  increasing  their  number  allows  more  prompt 
^  efficient  work  at  a  fire.  One  at  least  should  be 
ced  at  each  intersection  of  streets  and  at  least  one 
'^t  one  half  way  between ;  if  more  than  one  between, 
<^e  them  equidistantly.  Study  probable  location  of 
t^  fires,  and  place  hydrants  so  that  delivery  given 
^^r  fire  streams  can  be  concentrated  otv  vl  iiom  t\v^ 
it.  sides  or  rear,  through  short  length?,  oi  \vos^\  \^ 
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Flush  hydrants  are  not  from  any  standpoint  pref« 
abJe  to  regular  standard  pattern.  Ice  and  snow  and 
other  difficulties  off- set  any  advantage  they  may  havt. 
See  to  it  when  ordering  from  different  makers,  lliat 
top  and  noifzle  nuts  and  threads  per  inch  on  conplittfs 
arc  the  same  from  each  and  that  they  are  exactly  wtiai 
is  in  use  in  your  place*  If  constructing  New  Works 
have  all  correspond  to  standard  of  near  by  city,  so  in 
y^Kse  of  trotible  you  can  "help  each  other  out 
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Valves  or  Gat£s.  ^^M 


'^ave  all     turn  in  the  same  direction  to  open 
lloii*  loss  has  been  caused  through  neglect  of  this  pre- 
caution when  placing  "second  orders.'* 

Inspection  should  be  frequently  made  to  see  if  alJ 
are  open  and  if  they  can  be  closed  when  necessarj, 
They  should  be  uniformly  placed  on  street  lines  at  tlic 
same  distance  out  from  the  fence,  building  line  or  ctu^ 
In  winter  the  boxes  should  be  kept  free  from  ice  and 
snow. 

Do  not  he  afraid  of  a  little  extra  expense  for  brass 
Stems,  nuts,  etc.  Fifty  cents  extra  cost*  average,  far 
gates  on  laterals  will  insure  their  being  ready  for  use 
when  needed :  if  'iron  to  iron*'  is  used,  they  may  or  may 
not  work.  Often  more  thousands  of  dollars  worth  of 
property  may  be  in  jeopardy  than  it  would  take  ctnii 
to  insure  proper  working  and  quick  repair  of  the  con- 
trolling gates. 

The  liberal  and  proper  use  of  relief  valves  will  re- 
duce if  not  prevent  excessive  'water  hammer/'  Ait 
and  vacuum  valves  should  be  placed  at  all  high  or  nec- 
essary points  and  be  open  when  filling  or  emptying  ihi 
pipe  line;  otherwise  compressed  air  may  **throw  difi 
pipe  out  of  the  trench**  or  partial  vacuum  collapse  some 
weak  portion  of  the  pipe  systecn. 
Hose. 
The  most  reliable  hose  to  hang  inside  of  a  huildSf- 
for  use  therein  only  in  case  of  fire  is  unlined  LtNS!i. 
It  should  be  tested  every  six  months  out- doors  thoT- 
oughly  air  dried  and  r^^la^ced.  When  water  is  first 
turned  on,  the  hose  wiW  \eak  "^  \Va\ft  \iN^v  '^^^i  tk^^xM 
soon   swells  enough  to  sto^  it. 

For  all  around  fire  de^atVitve^t  5*Wv^,  ft*»^\t\ 
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»lDer  lined  cotton  hose  is  best.  For  rough  usage  and 
fa  pressures  use  tripple  jacket 
r-lie  jackets  should  be  made  water  proof  by  wax  and 
:»  or  other  treatment.  It  is  best  to  have  the  jackets 
^/-en  in  opposite  directions;  when  so  woven  the  hose 
<ls  to  "kink"  less  under  pressure. 
Two  and  a  half  inch  is  standard  size  for  general  use. 
I'ee  inch  and  larger  sizes  are  used  in  connection  with 
Ke  steamers,  fire-boats,  water-towers,  high  buildings, 
.,  but  (with  high  pressures  require  mechanical  appli- 
:cs  to  take  up  the  reaction,  properly  direct  and  control 
t  stream. 

The  life  of  the  best  hose  depends  on  the  quality  of 
t  ntbber  lining  fully  as  much  as  on  rough  usage  of 
:ket  and  care  taken  to  dry  it  after  fires.  It  averages 
th  moderate  care  from  five  to  ten  years ;  depreciation 
erages  lo  cents  per  lineal  foot  or  $S.oo  per  length 
r  annum. 

High  Buildings  should  have  external  standpipe  sia- 
ese  connections  at  the  street  level.  This  saves  time 
I  getting  lines  of  hose  up  stairs,  especially  at  night, 
'hen  elevator  may  not  be  running  and  insures  more 
rompt  work  by  the  fire  department.  Such  6  inch  or  8 
i^ch  standpipes  cut  insurance  rate  about  5  per  cent. 

SlAMESING. 

'^ix  lengths,  300  ft.  of  hose,  will  absorb  about  50  per 
•^nt.  of  the  working  pressure  at  the  hydrant;  this  loss 
'an  be  reduced  to  a  practical  minimum  by  siamesing 
^'0  lines  from  the  hydrant  to  a  point  one  length  back 
'otn  the  nozzle,  giving  one  length  or  50  feet  of  free 
^^^^  line.  If  siamesed  as  above,  the  loss  of  pressure 
"  be  about  one-fourth  that  of  a  single  line  over  the 
'^c   distance. 

-'^le  steamer  pumping  into  a  siamesed  line  will  de- 
-''  more  efficient  fire  stream  at  nozzle  than  two 
^^ers.  pumping  one  into  the  other  and  a  single  line 
^    the  same  distance. 

•^^Kx)  feet  of  hose  siamesed  offers  no  greater  resist- 
^  than  250  or  300  feet  of  single  line  of  same  diam- 
using  same  nozzle  and  pressure  at  hydrant. 
Steamers. 
^ri  average  Steam  Fire  Engine  can  deliver  500  gal- 
^  per  minute  under  pressure  sufficient  at  end  of  reas- 
t»/e  length  of  hose  lines,  to  give  two  ia\T  ?ite  ^Vt^^asKv^-, 
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(his  is  at  the  rate  of  720,000  galJons  per  day  (see  page 

) 

An  avernige  large  steamer  with  3  inch  hose  can  de- 
liver 1.200  gallons  per  minute  or  one  ly^  in.  and  one  1^4 
inch  streams  or  with  two  short  Hnes  of  hose»  two  lYi 
inch  streams. 

Where  municipality  has  grown  rapidly,  many  mains 
are  often  too  small  for  efficient  use  at  a  fire;  as  i 
temporary  expedient  pending  laying  of  main?>  of  ade- 
quate size,  cisterns  holding  25,000  or  30,000  gallons 
can  be  constructed  alongside  or  at  the  end  of  small 
mains  and  be  fed  by  them. 

Steamers  taking  water  from  the  cisterns  can  thus  do 
efficient  work  for  one  or  [wo  hours  in  locations  whi 
delivery  of  pipe  line  is  daftcient. 

Detroit  has  used  with  success  7,000-galIon  cistei 
FifiE  Boats. 

Eight  and  ten  inch  fire  mains  from  the  water 
back  for  a  distance  of  one- half  milet  with  good  fire 
boat  and  connections  furnishes  a  most  efficient  and 
economicaJ  auxiliary  method  of  fire  protection  for  the 
larger  business  districts  of  many  munidpaHties.  Ex- 
cept in  freezing  weather  it  k  best  to  keep  the  mains 
full  of  water.  Have  hydrant  or  hydrants  open  when 
filling  or  emptying  the  mains,  unless  relief  valves  arc 
used  as  they  should  be. 

If  salt  water  is  used  flush  the  mams  with  fresh  water 
after  the  fire. 

The  first  use  of  a  fire  boat  h  to  protect  the  water 
front,  but  inasmuch  as  the  boat  can  protect  for  the  dis- 
tance back  above  mentioned,  without  extra  cost  for  boat 
equipment,  the  mains  should  be  laid,  thus  reducing  the 
necessary  cost  of  the  land  pciuipment.  Have  electric 
signal  connection  between  hydrants  and  firelx)at 
PoMPTNG  Stations  for  Fire  PROTEcrtON. 

Tf  situated  at  the  water  front  of  a  city,  and  connert^ 
ed  with  business  district  by  large  mains,  with  high  hmU- 
ings  cquiprped  with  standpipes  such  stations  are  of  uo* 
doubted  benefit  and  paying  investments.  They  redi»C£ 
tht  necessary  cost  of  pumping  stations  for  domestic 
mippiy  and  indnstr\a\  vise^  m\4  ^\v&  wtt^s^ax^  system  0^ 
distrib^ition.  Indeperkdent  fiTe  %^^\k,t^^  cA  ^^vtx  ^i^h^ 
are  destined  to  =vupeT%ede  ptes^tW  \Tvfeftvo^^  \x^  ^«^>aij?^ 
^^ities  and  in  addition  to  t\\e  u^ovc  a.^^i^w'cws?£^ A<t.^  ^ 
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sure  can  often  be  carried  on  distribution  mains  for  do- 
mestic supply;  cost  of  water  purification  is  reduced 
while  the  fire  mains  can  deliver  under  a  pressure  that 
would  be  prohibitive,  bursting  fixtures,  etc.,  if  carried 
even  at  times  of  fire  in  the  mains  of  system  furnishing 
.  the  domestic  supply. 

Nozzles. 

One  and  one-eighth  inch  nozzle  is  best  for  all  around 
use  and  under  40  to  50  lbs.  working  pressure  at  nozzle 
will  throw  the  solid  portion  of  a  225  to  300  gallon 
stream  to  a  height  of  from  60  to  80  feet  or  to  the  top 
of  a  four  story  building.  One  and  one-quarter  inch 
nozzle  will  give  about  20  per  cent.  more. 

Where  electric  -wires  are  numerous  care  should  be 
t^ken  to  use  an  insulated  nozzle  or  handles ;  otherwise 
"short  circuiting"  or  grounding  of  the  electric  current. 
which  will  follow  the  stream,  to  the  nozzle  and  through 
the  pipeman  may  kill  or  injure  him. 

Table  No.  J99 

Approximate  Discharging  Capacity  of  Nuzzles. 
Two  11-16  nozzles  about  equal  to  "one"  i  in.  nozzle. 
Two  ^  nozzles  about  equal  to  '*one"  i  1-16  in.  nozzle. 
Four  ^  nozzles  about  equal  to  "one"  i^  in.  nozzle. 
Four  v/^  nozzles  about  equal  to  "one"  iH  in.  nozzle. 
Two  %  nozzles  about  equal  to  "one"  iJ4  hi.  nozzle. 
Two  I  in.  nozzles  albout  equal  to  "one"  i->8  i"-  nozzle. 
Two  lyi.  in.  nozzles  abouot  equal  to  "one"  1%  in.  nozzle. 
Two  i>4  in.  nozzle  about  equal  to  ''one"  i^  in.  nozzle. 
Two    iH   in.   nozzle  about   equal    to   "one"    i  15-16   in. 

nozzle. 
Two  if'2  in.  nozzle  about  equal  to  "one"  2%  in.  nozzle. 
Pressure  and  Fire  Streams. 

Eighty  lbs.  working  pressure  (not  static)  ai  hydrant 
J.--  best  for  eftcctive  work;  this  will  give  about  40  to  50 
I'bs.  at  nozzle  at  end  of  five  lengths  or  250  feet  of  hose 
under  average  conditions,   (crooks  and  turns)  at  a  fire 

The  static  prcs.-ure  r.t  a  hydrant  is  not  a  guide  as  to 
what  .;an  be  c'one  at  a  fire.  Th?  main  pipe  lines  and 
laterals  should  be  large  enough  to  deliver  quantity  used 
at  a  fire  .without  great  loss  of  head  in  friction. 

Too  small  a  main  could  easi\y  redwce  ^  «>Nja!C\^  '^^^'^ 
sure  of  TOO  lbs.  to  20  lbs.  or  less  wor\dw%^Te^'$>^Nvt^,'<^ 
making  useless  the  water  works  ior  ^re  v^oV^<:."C\ow. 
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TabU's  No/s  120  to  131  w"ll  show  the  size  oi  ptjie  1 
necessary  to  discharge  the  quantity  of  -water  desired  *ij 
fire  as  given  in  the  eighth  column  of  each  table, 
om  loosing  any  more  of  the  total  head  or  fall  thaa  1 
leave  ample  for  working  pressure.     The  amount  losi^ 
given  opposite  in  the  2nd,  3rd  and  4th  ct>liimns  in 
and  in   the  5th  and  6th  10  pounds  pressure;  by  sill 
tracting  it  from  the  total   (in  the  same  unit)  the  wori*  | 
ing  head  or  pressure  i^  at  once  given. 

Working  pressure  x  1.5  equal.^  fair  average  hdghl  to  | 
which  streum^i  c^n  be  projected;  40  lbs,,  66  ft.:  60  IK  ] 
80  ft.,  etc.     The  rule  does  not   hold   good  beyond  ao 
average  of  100  lbs,  pressure  for  small  rjozzles  ■  at  thsE 
point  the  streams  begin  to  **strip^'  and  as  pressure  Jj 
increased,  height  of  projection  is  actually  rediiccd,] 

own  by  the   following  Table. 

Tabic  No.  200 
Shhwing  Effect    of     Increasing     Pressure    Be 
Proper  Limit  in   RsDuciNt;  Height  of 

Fire  Streams. 
stream,  43  lbs.  pressure,  height  stream  758 
H  in.  stream,  86  lbs.  pressure,  height  stream  lOOJ 
H  in-  stream,  tjo  lbs,  pressure,  height  stream  7s| 
H  ^n.  stream,  150  lb**,  pressure,  height  stream  50| 
If  si7-e  of  z\07xlt  is  increased  instead  of  pressure?  i 
200  ft.  head,  R6  lbs.  pressure  wc  have,  for  height  I 
streams,  from  ^  in.  nozzle,  1 16  ft,  j  i  in.,  137  ft. ;  iH 
in,,  150  f  L  ;  T^/  in.,  158  ft.:  t^  in,,  166  ft.;  2  in.,  i6q  ft^ 
or  increasing  pressure  to  say  130  lbs.  we  can  have  2  in 
streatn,  230  ft.  higb.  Increasing  pressure  to  150  Ib*^, 
we  can  have  \]4  in.  stream  nearly  200  ft.  high,  t^  ia. 
220  ft. ;  i^<  in..  240  ft.,  and  2  in.,  250  ft.  high  or  6^ 
times  as  high  as  a  f^  in.  stream  can  be  thrown 
sanje  pressure. 

The  question  of  maximum  height  of  fire  streams, 
various  sizes  of  no?:zles  and  pressure  has  been  tbof* 
oughly  treated  by  Thos.  Box,  C.  A.  EUts  and  other*; 
enough  h  pointed  out  above,  however,  to  show  the  iw- 
cessjty  of  adapting  noz.^les  to  the  pressure  In  use.  The 
proper  ^kt  is  determined  best  by  practical  test,  thit 
should  be  m^de  6y  every  new  department  and  o!d  one 
as  well  if  they  have  not  be^n.  wsin^  every  siie  no«le 
with  varying  lengt\\s  ol  \vose, 
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At  least  3,000  gallons  per  minute  should  be  provided 
Eor  fires  in  a  business  district  of  a  small  city,  but  re- 
gardless of  the  size  of  a  city,  a  compact  "nest"  of  wood- 
en buildings,  large  factory  or  large  tenement  house  in 
nine  cases  out  of  ten  ought  to  be  protected  by  having 
ready  for  instant  use,  eight  to  ten  streams.  In  design- 
ing works  never  provide  less  than 

3  streams  for  small  villages 
5  streams  for  5,ooo  population. 
TO  streams  for  io,ooo  population 
15  streams  for  20.000  population 
18  streams  for  30,000  population 
20  streams  for  50,000  population. 

Hydrant  Tax  or  Rental. 

To  provide  for  Fire  Protection,  increases  the  cost  of 
the  distribution  part  of  a  water-works  from  35  to  60  per 
cent,  over  sum  necessary  to  provide  for  domestic  and 
industrial  uses.  Extra  cost  for  reservoirs,  pumps,  etc., 
will  vary  with  local  conditions.  The  interest  on  this 
extra  cost  plus  equitable  portion  of  expense  to  main- 
tain and  operate  ought  to  be  collected  by  hydrant  tax. 
To  so  collect,  makes  each  property  owner  benefited  pay 
his  share  whether  he  is  a  water  consumer  or  not.  If 
not  so  collected  the  water  consumers  must  pay  a  greater 
rate  and  indirectly  pay  for  benefits  given  their  neigh- 
bors (in  reduced  insurance)  that  do  not  help  support 
the  system  by  paying  water  rent.  A  certain  sum  must 
be  raised  annually  to  pay  interest  and  cost  to  operate 
and  it  is  but  fair  that  it  be  equitably  distributed,  putting 
any  surplus  in  sinking  fund  for  bond  redemption  or  for 
extensions.  The  smaller  the  place  supplied,  the  more 
important  is  it  that  the  above  s-uggestions  be  carried  out, 
because  as  total  cost  of  works  is  decreased  the  propor- 
tion expended  for  fire  protection  is  increased. 

The  following  Table  as  condensed  from  John  R.  Free- 
man's Tables  of  fire  streams,  in  the  author's  experience, 
has  been  found  conservative;  the  distance  that  the  fire 
stream  can  be  projected  as  given,  mean  distance  reached 
by  good  effective  solid  stream  and  not  the  much  greater 
distance  covered  by  "drops."  The  pressures  given  are 
those  indicated  by  gauge  while  stream  is  flowing  from 
the  nozzle  at  end  of  hose  coupled  to  hydrant  or  steamer  A 
in  the  ordinary  way.  ' 
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**  WATER  HAMMER.'' 

rLammcr"  is  the  pressure  indicated  by  the 
{  a  stream  of  water  flowing  through  a  pipe 
ibination  of  lines  is  suddenly  stopped.  The 
ire  indicated  is  a  measure  of  the  work  per- 
stopping  the  stream.  Water  being  nearly  a 
1,  the  entire  length  of  the  pipe  line  or  lines 
^oir,  stand  pipe  or  pump  performs  work  or 
ately,  every  square  inch  of  the  interior  sur- 

pipes  must  resist  the  blow  in  pounds  per 
L  that  is  indicated  by  a  ga/uge  connected  to 
>n  of  the  line  or  lines. 

r  or  "water  hammer'  is  independent  of  the 
ure  and  its  intensity  increases  as  the  time 
he  aperture  decreases. 

tin  by  example,  the  following  experiments 
le  author  are  given. 

X  and  two-tenths  feet  of  i-inch  pipe  were 
kvith  a  reservoir  on  such  a  grade  (about  lo 
ill)  that  the  pipe  discharged  1.26  pounds  per 

held  13.25  pounds  of  water, 
city  was  3.44  feet  per  second;  if  the  water 
d  in  one  second,  the  work  performed  on  an 
>5454  square   feet    (area  of  one   inch  pipe) 

been  13.25  x  3.44  equals  45.53  pounds.  Now 

to  the  above  there  was  another  column  of 
ng  that  had  to  be  stopped  because  the  water 
I  inches  deep  in  the  reservoir  over  the  inlet. 
we  must  add  .453  pounds  x  3.44,  or  1.55 
ch  added  to  45.58  pounds  gives  47.138  pounds 
nmer,"  on  an  area  of  0.7854  square  inches 
ne  inch  pipe).  Therefore  on  an  area  of  i 
I,  the  effect  was  60  pounds.  By  actual  ex- 
is  is  found  to  be  the  case. 
1  the  same  line  when  greater  or  less  time 
ecohd  was  used  in  closing  the  outlet,  the 
pressure  agreed  with  the  actual  pressure  re- 
the  gauge,  within  a  small  percentage.  The 
irobably  due  to  inaccuracy  in  noting  the  time, 
ne  above  mentioned  a  pressure  of  260  pounds 
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In  several  experiments  w^ith  lateral  Jmes  of  si 
pipe,  it  was  noticed  that  the  recorded  pressure  at 
center  of  the  line  of  pipe,  was  greater  than  at  the  outlet, 
or  at  point  ne?.r  main  line.  In  one  case>  for  instainrc, 
an  a  one-half  inch  pipe  line  ^50  feet  long,  the  pres^un 
recorded  at  either  end  was  240  pounds  (four  timet 
static  pressure)  ;  at  the  middle  the  pressure  rerorded 
wiis  TiOO  iK>unds  (five  times  static  pressure).  The  au- 
thor js  unable  to  account  for  litis  fact» 

It  can  be  shown  that  if  a  fire  stream  of  150  gillons 
per  minnte  is  stopped  iiowing  in  one  second  from  1 
hydrant  connected  with  30  ft*  of  4  inch  pipe  to  a  n 
inch  main  2300Q  ft.  long,  the  water  hammer  or  blow 
will  be  about  TWO  ix>i*s  per  sq.  inch.  If  the  static  pres- 
sure h  6s  IbSn,  tiie  time  u^ed  in  closing  the  hydraai 
ought  to  be  in  seconds  400a  (two  tons)  divided  by  ^ 
or  about  60  seconds  in  order  that  the  effect  of  wate* 
hammer  would  not  be  much  noticed.  See  ''hydranfe' 
pa^e  367.  Quick  closing  fixtures  are  a  necessity  in 
manv  places  where  water  is  used.  It  is  best  ho^tTCr 
tr>  use  meters  and  slow  closing  fixtures  whenever  po*- 
i^ihle,  and  in  so  doing  waste  will  be  checked  as  efficient^ 
ly  as  it  can  be  accomplished  by  quick  closing  fiKturH 
alane. 

Hydrauuc  Rams. 

Depend  on  blow  or  *"  water  hammer*'  cau-sed  by  sud* 
dt^nly  stopping  a  stream  of  water  in  the  ** drive  pipe"  to 
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EMBANKMENTS. 
Quick  Method  of  Computing  Contents. 
In  making  monthly  estimates  of  work  completed,  or 
final  estimates  in  light  "cut  and  fiH"  road  or  other  sim- 
ilar work,  instead  of  reading  each  depth  of  cut  or  fill 
from  the  profile  or  cross-section  paper  or  taking  it 
from  your  notes,  the  average  depth  can  be  obtained 
quickly  as  follows. 

Take  a  long  strip  of  paper;  place  one  end  of  it  at 
grade  or  other  line  at  Sta.  o  and  mark  point  (i)  on 
the  paper  a  distance  from  the  end  equal  to  th<;  depth 
of  cut  or  fill  as  given  on  profile  or  cross-section  paper 
at  Sta.  o.  Move  strip  to  Sta.  i,  putting  point  (i)  at 
grade  or  other  line  and  mark  point  (2)  a  distance  from 
(i)  equal  to  cut  or  fill  at  Sta.  i;  proceed  likewise  to 
the  end  of  cut  or  fill  as  given  on  the  profile  or  cross- 
section  paper  paying  no  attention  to  the  actual  amount 
of  each  at  any  station.  Measure  the  summation  of 
depths  as  marked  off  on  the  strip  of  paper  by  the  ver- 
tical scale  of  the  profile  or  cross-section  paper  used 
^nd  divide  the  amount  by  the  number  of  stations ;  the 
''^^sult  is  the  average  depth.  Compute  area  of  cross-sec- 
tion having  this  average  depth  and  multiply  it  by  the 
^otal  length  of  the  work.  The  method  will  give  results 
'^ear  enough  for  all  practical  purposes  and  save  much 
^Jme  and  liability  of  error  in  calculation. 

The  author  has  tested  the  method  on  many  miles  of 
•^oad  and  other  work  and  founfd  it  to  give  results  in 
^rror  too  small  for  consideration. 

Where  cross-section  is  of  quite  irregular  shape,  much 
^ime  will  be  saved  by  cutting  them  out  as  drawn  on 
^ross-section  paper,  weighing  them  on  analytical  bal- 
ances and  comparing  weight  with  that  of  a  unit  area 
^ut  from  the  same  paper.  Likewise  the  area  of  Reser- 
voirs, water  sheds,  or  any  other  area  can  be  determined 
vithin  less  than  one  percent,  (if  balances  are  of  good 
make  and  sensitive)  resulting  in  a  saving  of  much 
time,  and  giving  results  more  accurate  than  the  usual 
method  of  division  of  the  area  into  triangles ;  finding 
their  area  and  adding  that  of  the  remaining  irregular 
sections  as  computed  by  rule  given  on  p^i^e  ^t^.  Yc>\ 
Prismoidal  formula,  etc.,  see  page  77. 
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Frtv^iMLTioN  FOR  Embankments, 

The   focmdatiort   for  any  embatikmetii 

gixitind  ^bOfuld  be  cui:  in  the  form  of  st€ 

each  of  which  should  dip  downward  fi 

tht  riser  of  the  next  highest  step;  sue 

tendency  to  ^lide  or  spread  and  m  case; 

bankment  h  to  hold  back  water,  rt  assis 

the  water  following  the  bond  between  1 

eartlL    As  one  expressed  it  "if  there  is 

haleSr  it  is  a  ri^t  angle,  or  to  tt»rn  a 

Seituxg  of    Embankmes 

A  liberal  allowance  mnst  be  made :  il 

most  zero  to  jj  or  more  per  cent.     Set 

page  1^.     It  is  alw^ays  best  to  experimi 

terials  as  they  are  placed  from  day  to 

known  quantity  and  subjecting  it  in  a 

method  of  treatment  it  is  receiving  in  1 

as  near  as  it  is  possible  to  do  so,     Su< 

quently  save  disputes  as  to  ''quantity  pi 

final  estimate.     This  h  especially  true 

rolled  embankments  are  constructed. 

age  of  five  cu.  yds.  of  material  in  bai 

in  puddle  embankment. 

HicrtWAY  ANB  R.  IL 
For  cost  to  construct  embankments^ 
Ktnbankments  should  be  made  of  cc 


e  it  should  be  left  in  such  a  manner  that  the 
tf  -water  on  it  after  completion  of  the  dam 
t  sufficient  to  permit  percolation  into,  through 
t  so  as  to  weaken  or  ruin  the  structure  as  a 
ach  32  ft.  in  depth  of  water  exerts  one  net 
re  on  each  sq.  ft. ;  water  under  such  pressure 
1  way  through  voids,  crevices,  etc.,  quite  in- 
the  human  eye  and  apparently  tight.  In  die 
xperience  in  expert  cases  he  has  met  those 
ig  obtained  an  ample  supply  of  well  water 
tain  strata,  expected -water  to  remain  in  reser- 
:ructed  of  material  taken  from  the  same  stra- 
nstructed  upon  it  without  proper  preparation 
tightness. 

Dssible  for  reasonable  cost  perishable  or  por- 
MUST  be  removed  to  a  line  at  least  10  ft.  be- 
wn-stream  side  of  centre  puddle  or  core  wall 
firm  and  water  tight  foundation  into  which 
cut  parallel  trenches  under  the  entire  length 
bankment ;  such  trenches  ought  not  to  be  a 
>tance  apart  than  0.5  x  height  of  dam  or  em- 
at  centre ;  they  should  be  4  or  5  ft.  wide  and 
same  depth  if  in  a  good  or  fair  foundation, 
have  trench  cut  just  inside  (under  embank- 
inside  foot  of  -slope, 
ation  is  "questionable"  increase  the  depth  ac- 

loved  perishable  earth,  etc.,  can  be  placed  in 

m  toe  of  slope  or  saved  for  a  top  dressing  for 

>st  makes  any  earth  porous ;  therefore  remove 

to  point  below  that  which  has  been  effected 

.TiONS  IN  Porous  Soil,  Quick-Sand,  etc. 
sntly  happens  that  a  dam  must  be  placed  in 
ivhere  a  porous  sand,  gravel  or  quick-sand 
ed  must  be  contended  with ;  to  excavate  to 
om"  would  cost  in  many  cases  more  money 
Lvailable  for  the  project;  in  others  it  is  often 
impossible  to  do  so.  In  such  cases  the  fol- 
thod  as  used  with  success  by  W.  B.  Rider, 
nany  difficult  locations,  especially  in  Cali- 
1  often  make  of  the  porous  material  an  effi- 
rete  foundation." 
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When  haul  is  too  great  for  wheel -barrows,  (general- 
ly barrows  cease  to  be  economical  if  haul  is  over  300 
feet)  use  carts  and  begin  filling  at  one  or  both  ends  of 
dam;  as  the  work  .progresses,  cover  the  fresh  layer 
with  a  line  of  16  ft.  plank,  dumping  off  the  end  ana 
immediately  spreading  so  that  top  of  the  layer  is  not 
more  than  four  inches  above  the  water,  move  th€  end 
planks  back  and  forth  from  edge  to  edge  of  bank  cov- 
ering the  entire  width  of  embankment  with  the  layer 
as  -work  proceeds,  this  saves  work  in  shoveling  after  ma- 
terial is  delivered.  When  driving  on  the  planks  they 
will  "take  on"  a  wave  motion,  stirring  in  a  beneficial 
maimer  material  under  them.  Embankments  built  by 
this  method  will  seldom  settle  a  noticeable  amount;  o>- 
with  good  material  not  over  one  inch  for  each  ten  feet 
in   height  of  bank. 

Material  for  Embankments  of  Dams. 

Hard-pan  or  Clay  mixed  with  gravel  is  best,  but  if 
they  cannot  be  obtained  loam  and  gravel  or  loam  and 
sand,  properly  mixed  will  make  a  tight  bank. 

The  proportions  of  each  are  best  determined  by  as- 
certaining the  amount  of  voids  in  the  gravel  or  sand  by 
methods  given  under  "Pavements  and  Roads,"  see 
pages  185,  186,  187  and  193,  or  as  given  under  Table 
No.  194,  and  adding  a  liberal  amount  of  clay  or  loam  in 
excess  of  that  determined  by  the  analysis.  Average 
bank  gravel  or  sand  contains  much  clay  or  other  bind- 
er, often  sufficient  in  itself  to  make  a  tight  bank.  As  a 
rule  however  every  fourth  or  fifth  load  of  material  tak- 
en to  make  the  embankment  should  be  clear  clay  or 
loam,  free  from  perishable  material,  grass,  etc.,  and  it 
should  be  thoroughly  mixed  with  the  earth  from  the 
bank,  before  or  at  the  time  it  is  placed  in  the  embank- 
ment. 

No  embankment  can  be  made  absolutely  tight;  even 
the  best  of  clay  contains  from  10  to  15  per  cent,  of 
voids  that  rolling  or  puddling  will  not  materially  re- 
duce; if  however  they  are  reduced  to  say  from  8  to  12 
per  cert,  the  embankment  will  be  practically  impervious 
to  water,  as  molecular  attraction  will  then  ;be  sufficient 
to  prevent  percolation. 

Other  things  being  equal,  a  heavy  material  should  be 
selected;  a  properly  puddled  bank,    es^^d^XV^     \\    ^Sofc^ 
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der  is  of  clay,  will  be  nearly  equal  In  weight  to  tl 
Hmejitone  masonry, 

<.1ay  aloite  should   not  be   used;    it  is  liable  to 
under  action  for  water;  <niuskrat  and  other  holes  m; 
in  it  do  not  "*clo?ic  up/*  while  if  it  is  used  as  a  bii 
on!y,  they  do. 

Slope  of  Dam, 
The  inside  slope  of  a  dam  ought  not  to  be  less  than  1.5 
to  t,  even  when  the  best  of  embank?ment  material  h 
uped  in  construction  and  it  in  turn  properly  ^avcd  or 
ccvtred  with  rip- rap.  Unless  it  is  protected  t>j  np-rap 
or  other  paving,  wave  action  wHl  in  time  reduce  thf 
slope  to  from  4  or  even  10  to  t^  depending  on  the  ma- 
terial used,  ll  is  the  aurlior's  practice  to  use  imidc 
slope  of  1.5  to  1  for  small  distribution  reservoirs  filled 
by  pumping  or  gravity,  when  located  on  top  or  side  of 
hills  away  from  a  stream.  For  small  reservoirs  d 
heights  up  to  30  or  40  ft.,  inside  slope  of  not  less  thin 
2.0  to  I  or  wht^ii  possible  J. 5  to  1.  For  large  reservoiri, 
exposed  to  "long  sweep'^  of  the  wind,  or  reservotr?^  re- 
quiring  greater  height  of  dam  than  40  ft.  he  uses  irtstd^ 
slope  of  2.5  or  3.0  to  I.  For  down-strea/m  slope,  1.5  tt) 
t  IS  ample  in  all  cases,  unless  si5rplus  material  must  t* 
removed  in  excess  of  that  required,  in  wbicb  case  it  is 
placed  in  down -stream  embankment  forming  a  berra 
or  increasing  the  slope  to  2  or  more  to  i. 

The  greater  the  slope,   the  more   permanent  will  be 
the  dam. 

Rtp-Rap  Pavinc. 
Made  of  random  stone  is  better  than  a  smootli  par^ 
ing;  ice  will  simply  lift  a  few  of  the  outside  stone  of 
such  paving,  leaving  the  most  of  it  intact.     In  excavat- 
ing in  bank  for  the  material  for  embankment,  as  a  rule 
pulTicient  stone  can  be  obtained  for  the  rip-rap  and  it  b 
cheaper  to  cart  them  than  to  leave  them  in  the^  way  0! 
operations  at  the  hank;  no  large  stone  should  he  allow- 
ed in  the  up-stream  embankment;  thetr  proper  place  1^ 
'4n  the  rip-rap,  or  down -stream  bank.     Rip -Rap  paviisg 
*^bh  small  dams  should  not  be  less  than  ta  inches  thick : 
if?  inches  is  better.     Where  wind  has  a  great   sweep. 
i:c>ward'it,  increase  \\s  thvcktvi^?!.^  cn\eL  ^ciot  for  each  mik 
of  sweep  in  excess  ot  or^^  mW.   T>W^.vpf  \ti\MsM.'*.£*^ 
rapjdly  by  laying   stone  ^^fts^V^r    vVt^  ^"^^^  ^^^ 

jJace;  put  ibeni  ot\  edge.  
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Springs. 
Xi  springs  are  encountered  in  excavating  for  founda- 
tions, do  not  try  to  stop  their  flow  with  one  or  several 
^oa.ds  of  concrete,  puddle  or  other  material ;  it  cannot 
^^  mine  cases  out  of  ten  be  done  and  done  well.    Cover 
^^v«2r  the  spring,  with  substantial  masonry  and  lead  its 
"'^^^ters  through  pipe  to  or  below  the  down-stream  slope. 
If  ilow  of  spring  is  checked  it  will  often  in  finding 
^iiother  outlet  exert  through  the  accumulated  water  s.> 
checked,  in  the  strata,  a  pressure  sufficient  to  'endanger 
"the  stability  of  the  dam. 

Core  Walls. 
Cement  and  stone  are  too  cheap  to  longer  permit  of 
tlic  construction  of  dams  in  locations  where  their  de- 
struction would  cause  loss  of  life  and  property,  with- 
out their  use  in  a  core  wall.  Muskrats  will  make  holes ; 
frost  will  lift  earth  embankments;  but  muskrats  can- 
not bore  holes  through  masonry  and  frost  will  not 
lift  a  properly  tapered  core  wall. 

The  thickness  of  core  wall  ought  to  be  at  least  2  ft. 
on  top;  18  inches  will  do,  but  it  costs  just  as  much 
money  per  lineal  foot  to  build  an  18  inch  wall  as  it 
does  a  two  foot  wall  on  account  of  the  greater  amount 
of  labor  in  fitting  stone  in  an  18  inch  wall,  so  that  none 
^11  reach  through  its  entire  width.  Have  top  of  wall 
one  or  two  feet  bek)»w  top  of  bank  and  taper  it,  well 
coated,  and  smooth,  to  below  the  frost  line  or  to  point 
4  to  6  ft.  below  the  top;  at  this  point  it  should  he  at 
^east  2.5  ft.  thick;  3  it  is  better.  From  this  point  to 
foundation,  wall  should  be  constructed  in  vertical  sec- 
tions each  aibout  5  feet  high,  and  at  least  six  inches 
thicker  than  the  section  next  below. 

Foundation  should  be  broad  enough  to  distribute  the 
height  so  that  pressure  per  sq.  ft.  will  not  exceed  4 
tons. 

Grout. 
It  is  almost  impossible  to  build  a  ''cemented  wall" 
across  a  valley  or  anywhere  else  and  have  it  absolutely 
l^ght;  a  stone  once  placed  in  cement  mortar  if  effected 
^y  the  slightest  jar  never  again  (even  though  the  ce- 
J'l^nt  has  not  set")  'will  take  as  good  a  bond ;  the  result 
's  that  it  will  leak,  though  perhaps  slightly,  at  every 
place  where  a  stone  was  so  disturbed.  By  W\\^m^  "^^ 
^^^  faces  of  the  wall  in  mortar,  in  \\ot\zowV^\  ?>^c\!\o\^ 
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About  40  per  cent,  of  the  more  tBan  IS 
4tructed  from  plans  of  W,  B.  and  J.  B.  1 
fronn  designs  of  W.  B.  Rider)  were  ma^ 
died  up-stream  embankment,  centre  core  \ 
and  dawn 'St  ream  embankment  ptiddled  U 
line  8  fi.  belnw  and  parallel  with  the  cor^ 

So  far  as  known,  all  arc  "water  tight'*  ^ 
jng  the  ftmetioni?  intended. 

Where  suitable  stone  cannot  be  proc^irl 
crnshed  cobble  or  other  stone  can  often  b 
concrete  core  walk  It  will  give  satlsfact^ 
erdty  not  cost  more  per  cu.  yd.  than  cci 
wall,  and  from  every  standpoint  is  prefer] 

Ov^- Flows  oh  Waste  Weirs^ 

If  Government  tables  giving  flood  disd 
stream  are  not  available  and  a  series  of  w« 
meter  measurements  extending  over  a  pef 
has  not  been  made,  the  best  way  to  detefj 
proximate  flood  discharge  is,  after  enquir; 
living  along  the  stream,  to  ^ascertain  the  a: 
of  the  bottom  of  the  stream  at  or  near  i 
location  of  dam  and  from  the  drift  wood  i 
dence  along   its  banks  of  "high   water  ma 
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rater  at  centre  of  height  of  dam,  the  centre  line  of 
sure  for  section  one  foot  long  at  centre  o^  height 
lam  is  perpendicular  to  the  slope  through  the  point 
t  a  depth  of  14  feet.  Likewise  the  centre  line  of 
isure  is  found  for  any  other  depth  or  slope.  This 
for  puddled  or  rolled  embankments  should  always 
the  base  up-stream  from  the  centre  line  of.  the  dam. 

PRESSURE  ON    A  VERTICAL  RECTANGULAR  WaLL 

lever    construct   vertical   rectang^ilar   walls   of   over 

or  seven  feet  in  height  to  retain  water  when  it  can 
avoided ;  the  same  quantity  of  masonry  placed  in  a 
tered  wall,  as  hereinafter  explained,  will  be  much 
Dnger ;  in  other  words,  to  resist  a  given  pressure,  it 
1  cost  less  in  masonry  to  construct  a  battered  wall. 
rhe  total  pressure  of  water  on  a  vertical  wall  of  uni- 
m  heigiht,  and  thickness,  assuming  the  water  to  ex- 

a  pressure  along  its  entire  length  and  height,  as  in 
liter  bed  partition  or  gate  chamber,  when  there  is  no 
ter  on  one  side  of  the  wall  equals  in  net  tons. 
Length  x  square  of  height  of  wall  x  0.0156,  or 
^rea  x  height  of  wall  x  0.0156,  or  per  foot  in  length 

wall,  we  have  sqyare  of  height  of  wall  x  0.0156.  .(b) 
The  centre  line  of  pressure  given  by  (b)  is  in  a  hor- 
•ntal  direction  (perpendicular  to  the  face  of  the  wall^ 
"ough  the  point  P  at  two-thirds  the  depth  of  the  water 

wall. 
ti  the  wall  is  not  of  uniform  height, 'find  its  centre 

gravity  and  proceed  as  above  indicated  or  divide  the 
ill  into  several  secticfns,  finding  the  total  pressure  on 
ch  section  and  then  their  combined  resultant.  It  is 
Idom  necessary  to  find  the  total  pressure  except  at 
^int  of  maximum  height  of  dam;  sections  of  wall  at 
lier  points  should  be  made  for  a  given  height,  same  as 
-ntre  section  on  horizontal  line  opposite. 

In  the  case  of  a  solid  cemented  wall  acting  as  one 
lass,  the  force  can  be  considered  as  acting  through  the 
3int  P,  situated  at  centre  of  width  of  the  rectangular 
all  at  height  equal  to  one-third  total  depth  of  water 
>  foundation.    This  horizontal  force  evidently  acts  with 

lever  arm  equal  to  the  height  of  P,  and  as  in  the  case 
f  wind  pressure  on  standpipes  (see  page  260)  tends  to 
Ush  the  wall  over.     Its  moment  will  be.  in  net  tons. 

Area  x  square  of  height  x  0.0052,  or  ^ei  ioot  m 
■ngth, 
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to  I  we  obtain  Thickness     equals     square    root    of 

«iuare  of  heijfht  x  0.277)  (e) 

pplying  equation  (e)  to  above  wall  we  have  for  the 
quisite  thickness  7.9  feet  The  difference  of  o.i  feet 
Dm  assumed  width  of  8  feet,  being  on  account  of  neg- 
3t  of  decimals  beyond  third  place. 
IVhen  good  grouted  rubble  or  Qther  first  class  mas- 
uy  is  used,  and  placed  on  a  practically  impervious 
imdation,  it  is  the  author's  practice  to  simply  make 
e  width  of  a  rectangular  wall  to  sustain  pressure  of 
ater  on  one  side  equal  to  one  half  its  height.  This 
ves  a  safety  factor  of  about  1.7  to  i,  and  as  yet  he 
.s  never  had  a  wall  fall  or  rupture.  With  poor  work, 
wever,  the  width  must  be  increased. 
lEssuRE  ON  Inclined  Surpace  of  Dams  of  Earth  or 

Masonry. 
It  takes  just  as  strong  a  dam  to  hold  back  one  acre 
as  it  does  ten  thousand  or  more  acres  of  water  of 
me  depth  at  dam. 

With  slope  of  up-stream  side  of  dam,  it  directly  sup- 
krts  simply  the  triangular  section  of  water  above  it; 
Jt  up  the  pond,  but  vertically  over  the  slope.  The 
eight  supported  per  foot  in  length  of  dam  equals  in 
ST  TONS,  with 

4  to  I  slope,  height  squared  x  0.0625. 
3  to  I  slope,  height  squared  x  0.0469. 
2  to  I  slope,  height  squared  x  0.03125. 
I  to  I  slope,  height  squared  x  0.015625. 
0.5  to  I  slope,  height  squared  x  0.0078. 
For  any  other  slope  to  dam,  the  iweight  p«r  foot  in 
ngth  supported  equals  in  net  tons,  area  of  section  of 
ater  above  the  slope  x  0.03125  (f) 

HoRizoNTAJ.  Component 
the   pressure   of  this   weight   will   evidently   be    as 
ven  by  equation  (b),  assuming  it  to  act  on  a  vertical 
me;  this  force  tends  to  slide  the  dam  in  a  horizontal 
rection. 

Vertical  Component 
the  weight,  acfs  in  a  vertical  direction,  through  the 
int  P  and  tends  to  ihold  the  dam  in  place,  or  coun- 
•act  such  vertical  tendency  as  there  may  be  to  "lift 
*  d&m"  by  wB.ter  reaching  the  foundation.  In  amount 
tB^a^astl  ia  jrvT  tons  to 
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entire  length  and  up  to  the  centre  line  (at  least; 
e  pipe  line.  The  pipes  were  not  strong  enough  to 
,  between  piers,  the  weight  of  bank  and  water 
e.  Instead  of  placing  pipe  lines  from  in- 
>  vertically  or  nearly  vertically  over  each 
r  through  a  dam,  it  is  always  best  to  place 
Q  up  the  side  slope  from  each  other,  a  suf- 
nt  distance  apart  to  get  the  requisite  or  desired 
erence  in  elevation  between  intakes;  in  this  way  it 
wssible  to  place  the  lines  on  solid  masonry  on  firm 
ndation  through  the  dam ;  at  or  near  the  lower  slope 
y  can  be  connected  together  with  cross  connecting 
:  with  proper  valves  on  it  and  each  line  so  that  any 
of  the  lines  can  be  used  without  the  others, 
ipe  lines  laid  through  a  core  wall  and  through  the 
embankment,  are  liable  to  snap  off  at  the  face  of 
wall  as  true  as  if  cut  with  a  knife,  on  account  of 
1  the  slightest  setting  of  bank,  and  tihus  bringing  the 
re  weight  above  on  the  pipe;  it  acting  as  it  does,  on 
:ver  arm,  is  generally  sufficient  to  rupture  the  best 
leavy  pipe. 

:  is  the  author's  practice  to  place  masonry  as  above- 
itioned  and  in  addition  to  build  up  at  each  joint 
icient   to  enclose   it.     This  helps   to   prevent   water 
owing  the  pipe  line.     It  is  a  hard  matter  to  make  a 
It  joint  between  the  coal  tar  on  the  pipe  and  cement; 
n  possible,  after  masonry  is  within  a  half  inch  or 
of  grade  and  pipe  is  in  place,  pour  in  hot  asphalt 
:oal  tar  to  form  the  bond  between  pipe  and  mason- 
Do  not  delay  covering  pipe,  as  expansion  by  sun's 
will  ruin  a  cement  joint,  while  it  can  do  much  in- 
'  to  other  kinds. 

one  of  the  above  equations  take  cognizance  of  the 
that  when  a  horizontal  force  is  applied  to  a  struct- 
the  structure  tends   to   slide  as   mentioned   under 
>rizontal  Component." 

he  ratio  of  the  force  necessary  to  slide  a  body  to 
veight  is  called  the 

Coefficient  of  Friction 
)r  safety  in  making  calculations  relative  to  mason- 
^alls,  it  is  assumed  that  the  mortar  does  not  prevent 
stone  sliding  on  another  when  a  horizontal  force  is 
led.  Ordinary  masonry  offers  a  resistance  to  slid- 
yn  masonry  of  about  two-thirds  its  >Ke,\%\v\..    \tv  -a.^- 
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Coefficient  of  Friction. 
lation  (j)  we  have, 

•ns  (weight  of  wall  per  lineal  foot)  plus  0.818 
equals  7.88  tons.  Deducting  2.34  torn  for  up- 
essure  and  assuming  coefficient  of  friction  at 
have  3.66  NET  tons;  this  is  in  excess  of  3.S1 
:  amount  of  the  horizontal  component,  but  not 
to  insure  safety  if  the  upward  pressure  is  as 
assumed;  increasing  top  width  to  3.5  or  4.,  or 
vidth  to  12  feet  will  give  requisite  margin. 
s    OF    Pressure    and    Weight    of    Masonry 

Leverage 
?h  the  point  of  application  of  the  forces,  draw 
the  parallelogram  of  forces;  th€  diagonal  rep- 
l  the  resultant  ought  to  cut  the  hase  »well  with- 
De  of  the  masonry,  or  not  to  exceed  one-half 
ince  from  the  horizontal  projection  (p)  of  the 
:  gravity  of  the  section  of  masonry  to  the  "toe," 
1  from  the  (p)  toward  the  "toe." 
lount  in  tons  is  directly  given  by  scale. 

Width  of  Walls. 

Y  are  to  retain  water  on  either  side  to  top  of, 

i  to  top  of  tile  wall,  as  in  the  case  of  partition 

c,  and  are  of  greater  height  than  10  ft,  make 

vidth  equal  to  0.66  x  height  of  wall  for  a  top 

4  feet.     If  top  width  is  made  less  than  4  feet 

the  bottom  width  so  that  the  area  of  the  adopt- 

•n  equals  area  of  same  height  of  wall  on  above 

f  less  than  10  feet  in  height  make  bottom  width 

0.66  X  height  for  top  width  of  not  less  than  3 

less  than  3  feet  in  top  width,  increase  bottom 

as  to  give  ah  equivalent  section  as  above  men- 

OF  Walls  With  Pressure  at  all  Times  on 

One  Side. 
5  case  put  from  75  to  90  per  cent,  of  total  batter 
ie  (down  stream)   face. 

ght  of  wall  is  less  than  20  ft.,  make  bottom 
:  least  0.7  x  height  for  top  widths  of  one-fifth 
It  except  when  one-fifth  height  is  less  than  three 
which  case  make  top  width  three  feet. 
is  made  less  than  three  feet,  increase  bottom 
proportion  as  above  mentioned. 
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For  wall  JO  ft.  in  height  make  bottDm  width  i 
height  X  0,75  for  top  width  of  0,25  x  height 
width  \s  reduced  increase  the  boltom  width  m  pn 
tion  as  tibove  mentioned. 

For  greater  heights  tlian  20  ft.  reduce  the  top  widlh 
by  one  per  cent*  for  each  10  ft.  in  height  a.bovt  20  ti 
and  increase  bottom  width  the  same  amount  up  10  15^ 
ft.  in  height.  Fox  heights  above  150  ft.  increase  bot- 
width  by  i-S  per  cent.^  but  make  top  width  18 

r  all  heights,  above  150  ft. 

ExAMPLF,.^ — Dam  100  ft.  high.     Required  its  top 
bottom  widths* 

100  ft.  less  20  equals  80  ft*  or  8  x   10  ft.,  therefoft 

r  top  width  we  have  25  per  cejiL  less  8  or  17  per  c«nl 
of  height.    100  X  17  equals  17  ft.  the  top  width  requiM 

Increasing  bottom  width  by  one  per  cent,  for  each  10 
ft*  in  height  above  20  ft.  or  8  per  cent,  more  than 
given  in  tlie  rule,  we  have  100  x  0.83  equals  83.0  ft. 
bottom  width  required. 

For  dams  exceeding  50  ft.  in  height,  put  fully  85 
go  per  cent,  of  the  total  batter  on  <knvn  stream  side 
when  possible  have  waste  weir  ekewberie  than  at  tk 
dam. 

For  dam  150  ft.  high  we  have,  ihy  same  method,  tof 
"width  of  i8  ft.  and  "bottom  width  130.5  ft. 

For  dam  rSo  ft.  high  we  have,  top  width  of  r8  ft.  atpd 
bottom  width  of  165  ft. 

For  dam  ^00  ft.  high  we  have,  top  width  of  18  ft,  and 
bottom  width  of  189  ft 

All  of  the  above  refer  to  first-das .s  cemented  ma^onl}!! 


Curved  Masonry  Dams. 


^F    The  limits  of  this  work  prevent  detailed    discussioo 

Lif  this  subject.     Fig.  35  shows  the  New  Croton  Dm 

(solid  masonry).     It  is  of  good  form.     Its  section  is  ia 

close  agreement  with  that  proposed  by  Prof.   Ranki^e 

for  Reservoir  walls  of  great  height.     At  150  ft.  dcprtl 

width  proposed  by  Rankitie  ts  1^2.22  for  top  widtb  of 

18.74   ft^     Width   for   uniform  battered    wall,   by  nilei 

just  before  given  for  height  of  150  ft.  it  will  be  tioted 

g-fves  top  width  ct\  \%  iv.  ^^^4  \ioMty(?cv  V^^^^^^  <^^  ^^^  ft 

or  bnt  7  per  cent,  i^tealev  ^iotx^tu  ^t\^  \  ^^t  ^^vtV  ^^9^ 

top  width  thati  given  by  B.awVm^  I^t  c^t^t^i.  ^obsn. 


For  less  height  of  dam  than  shown  in  Fig,  35,  US 
same  face  curve  from  top  to  point  a  distance  below 
equal  to  height  of  dam  and  reduce  top  width  to  adopted 
width,  but  not  to  an  amount  that  will  make  effective 
area  of  section  less  than  just  before  given  under  "Width 
of   Walls," 

Fig,  $s,  New  Croton  Dam. 


q^^TQJ^fP^SJf^rACe  EL 


£MCAyAriON , 


f  tfJ.rzx^-'W'j^a-ijf^t  f-^-w^'i4:M 


\  A/vt:/9  meo  t£E^ 


.y-a^A.u^'iri.m- 


;Masoxr\-  Gate  or  Intake  Chambers.         ^| 
Cemented  masonry  fonniag  the  walls  of  intake  cham- 
ers  placed  in  reservoirs  is  very  liable  to  be  displaced 
^r  the  cement  bond  injured  by  action  of  ice.     With  ice 
rlhering  to  the  wails  with  a  grip  of  40  lbs.  to  the  sq. 
.and  sudden  rise  in  water  as  in  t^c  spring,  part  of 
asonry  with  gate  house  above  is  hable  to  be  moved 
the  ^'breaking  up'*  of  the  ice  and  be  deposited  else* 
in  the  reservoir  as  in  a  case  brought  to  the  au- 
jr's  attention.     Tec  shock  and  thrust  iit^v^ttaVa  t^^'^^ 
~such  structures  to  leak  to   such  an  extend,  ^>l^X.  '^'^-^  ^^ 
useless  for  the  pitrpose  of  keeping  out  IW  \^iX^t  ^'^ 
fn  need  of  repairs  to  gates,  etc.,  at  the  \io>.Ui^. 
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CfJ 

but  eifSj 

pipe  Finet  tfaroo^  ^r  di^  a^ 

there  if  no  rt^L^is  ior  i^^a^ 

^t  react]  $idc  cipp«>>ii£  «a£^  ^e  pa 

Mcilttsttc  iti€pcciio>a  vi  S»e  if  rrcr 

iiwumg  thts  worlr  and  ioijerestcsl 

tiotts,  etc.»  will  be  forwaffdcd  ior    $LinL      Bt   fUl 

exact  conditiOfis,  proper  ^^^^,ec6on  of  prints  can  be  ma4t 

When  (>ipe  line^  cannot  be  placed  on  the  slope,  is 
Cfntre  core  wall  for  one  side  of  gate  duinber 
the  up'Sitream  side  with  ample  poddle  embatikmcflU 
Ice  TH«t;sT. 

Water  at  the  instant  of  dtange  into  ice  increasa  a 
vohim<?  about  8  per  cent,  and  it  confined  exert?  an  a- 
jviniivc  force  or  pressure  of  about  15  tons  per  &q. 
»  See  piige  ^53, ) 

If  rHc  entire  volume  in  a  reservoir  one    mile   loif 

in«e  tncr'^  instantly  the  dam  at  one  end  would  hm 

\\*  iWH>v«  down-*tream  about  40  feet  to  make  rown  ^ 

«  Vi^ii^^iW.     \^  a  niatter  of  fact  water  freezes  graiuiltp 

■ik\^  \\  ben  %  restiitance  such  as  a  dam  is  encountered  k 


ice  to  the  sides  is  sufficient,  the  ice  surface  will  no  long- 
er move  upwards  to  provide  for  expansion  and  as  the 
water  refuses  to  be  compressed,  the  wall  must  rupture 
or  force  water  out  of  the  confined  space  to  make  room 
for  the  incrca-se  of  8  per  cent,  in  volume.  With  thick 
ice,  unless  masonry  dam  is  sufficiently  battered  on  in- 
side face,  there  is  danger  of  Tupture. 

The  best  preventative  is  a  puddled  embankment  with 
proper  slope,  on  up-stream  side  of  wall. 
Knuckle-Joint. 

The  greatest  danger  from  ice  in  a  reservoir  is  from 
the  "knuckle-joint"  formed  at  or  about  the  water  level 
after  a  pond  has  been  drawn  down  subsequent  to  freez- 
ing over.  On  again  raising  the  water  the  inclined  por- 
tion of  ice,  one  end  of  which  will  be  adhering  to  the 
dam,  tends  to  push  it  over  by  the  force  exerted  at  the 
crack  or  joint;  the  amount  of  the  force  does  not  admit 
of  exact  calculation,  but  the  author  can  recall  of  more 
than  a  dozen  instances  where  the  force  was  sufficient  to 
rupture  6,  8  and  lo  ft.  solid  masonry  walls.  A  moder- 
ate batter  will  reduce  the  danger. 

RETAINING  WALLS- 

Tt  would  be  quite  useless  to  here  discuss  the  subject 
theoretically  for  "Jack  Frost"  -would  step  in  and  upset 
any  calculation.  Below  is  therefore  given  simply  a  few 
notes  that  in  a  general  way  outline  the  author's  practice. 
Width  of  Walls. 
For  ordinary  retaining  walls  of  Dry  masonry  or  ce- 
mented masonry  made  of  small  stone  such  as  can  be 
handled  without  a  derrick,  make  width  of  base  (at 
ground  line)  from  four-tenths  to  throe-sevenths  the 
height.  If  wall  is  of  first-class  cut  stone  or  cemented 
rubble  masonry  of  heavy  stone,  the  bottom  width,  ex- 
cept in  case  of  quick-sand  strata  back  of  wall,  can  be 
reduced  to  height  x  0.33. 

SURCHAPGKD  EaRTH. 

If  the  earth  retained  by  the  wall  is  higher  than  the 
top  of  it  and  has  a  slope  of  not  less  than  three-fourths 
or  one  to  one  backwards  from  the  back  face  of  w.ill  in- 
crease the  bottom  width  of  wall  as  given  above  by  5  per 
cent,  for  cich  to  per  cent,  increase,  itv  tol;v\  Vv^\^Vn1  q>^ 
hank  letained. 
Tf  retained  earth  is  of  uniform  cons\s\.etv<rv  \Jcvxo\^? 
out  the  year  so  that  it  virill  "stand"  ot\  a  tv^^t\^  n^^ 

397 


bank  on  a  steep  slope  or  even  i  to  i  if  not  too  ex- 
isive  and  fill  in  the  space  with  coarse  gravel  or  other 
ons  material  that  drains  rapidly  and  is  but  slightly 
'hen  dry)  effected  by  frost.  Place  it  in  horizontal 
~cr3  as  the  wall  is  constructed.  Construct  "weep 
3es"  through  the  wall  as  often  as  may  be  necessary  or 
^  every  lo  ft.  and  in  addition  lay  an  open  joint  tile 
ain  parallel  iwith  and  just  back  of  the  wall.  This 
=thod  reduces  to  a  minimum  disturbance  by  frost. 

Batter  of  Back  Face. 
3t  should  not  be  battered  except  the  top  portion  as 
^)ve  mentioned,  but  stepped  in  uniformly;  this  gives 
diance  for  better  stability  by  having  the  wall  hold 
■■ectly  the  weight  of  a  portion  of  the  backing. 
In  the  construction  of  several  important  walls,  the 
Uhor  has  constructed  them  up  to  just  below  the  maxi- 
um  depth  of  frost  of  proportions  above  mentioned.  At 
is  point  the  thoroughly  packed  gravel  backing  was 
^eled  off  and  the  thickness  of  the  wall  increased  back- 
ards  into  or  toward  the  bank  sufficient  to  allow  a 
itter  of  at  least  45  degrees  toward  the  front  face  of 
all  at  the  top,  leaving  requisite  width  of  top  thickness. 
lie  backing  in  freezing  lifts  easily  along  such  a  batter 
ithout  any  injury  to  the  wall;  the  method  increases 
Jt  slightly  the  cost  of  important  or  high  walls.  Cir- 
-imstances  may  be  such  that  less  masonr>  can  be  used 
lan  has  been  above  suggested;  but  the  author's  expe- 
-ence  in  such  matters  is,  that  it  pays  to  be  on  the  safe 
ide  and  success  is  not  certain  if  the  amounts  are  much 
educed. 

It  is  cheaper  to  put  in  10  cu.  yds.  extra  in  the  first 
lace  than  to  risk  danger  of  falling  walls,  and  finally 
sibuild. 

Walls  of  coal  sheds  or  bins  must  be  of  same  thick- 
ess  for  a  given  height  as  walls  for  retaining  water; 
le  thrust  being  about  the  same.  Cellar  walls  in  addi- 
on  to  sustaining  thrust  of  earth  must  carry  weiglit. 
icrease  width  of  foundation  so  as  to  properly  distri- 
ite  it,  if  necessafy.     See  page  261. 
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HEATING  ROOMS  AMD  BUILDINGS. 
""The  determining  factors  are. 

isL  Amount  of  cold  or  fresrh  air  entering  per  mm; 
lite  or  hour. 

2nd.  Amount  of  heat  to  be  supplied  to  replace  bsi 
by  conduction  J  ct^nveciion  and  radiation. 

The  general  rule  is  to  design  to  heat  up  to  70  degreei 
Fahr,  from  air  at  zero*  As  less  than  zero  temperaturt 
fretjuently  occurs  in  a  large  section  of  the  States,  many 
heating  plants  ought  not  to  be  designed  on  the  al 
basis. 

One  cubic  foot  of  air  is  the  unit  usied.  From 
unckr  Table  No.  146  we  have  that  with  ibarometer  at 
30  incheii  and  temperature  of  60  deg,  Fahr.,  one  pound 
of  air  occupies  a  space  of  130^  cu.  ft  also  that  the  vol- 
ume of  a  given  weight  of  air  is  proportional  to  its  ab- 
solute temperature,  we  therefore  have  the  proportioo 
given  below  to  determine  the  volume  of  one  cu.  ft  of 
air  at  zero  degrees  Fahr. 

520  i^  to  460  so  is  13.06  cu»  ft.  to  the  volume  requir- 
ed ;  from  thh  we  obtain  the  volume  of  i  lb.  of  air  at 
zero  degrees  Fahr.  to  be  11,55  cu*  ft 

Therefore  i  cu.  ft,  at  zero  weigihs  i  divided  by  113 
Or  0.086  lb, 

-  The  specific  heat  of  a  body  is  the  quantity  of  heir 
necessary  to  raise  its  tetnperature  one  degree  Fabr. 
compared  with  t^at  necessary  to  raise  an  eqtial  weigh! 
of  water  one  degree.  The  specific  heat  of  air  is,  at  con- 
stant pressure,  0.24.  It  therefore  takes  0.086  x  0.24  or 
0.0206  B.T.U.  (heat  Units)  to  raise  tlie  teniperaturt  of 
1  en  f I.  of  air  one  deg.  Fahr.  (For  amount  in  other 
units  see  "Sr^AM  and  Fuel  Notes." 

To  heat  air  from  zero  to  70  deg,  Fahr.  will  recjuife* 
70  X  0.0206  or  1.442  B.T.U.  per  cu.  ft  of  air. 

Each  cu,  ft.  of  air  heated  from  zero  to  70  deg.  accord* 
iitg  to  data  under  Table  No.  146  will  expand  and  at  7a 
deg,  occupy  a  space  of  1.15  cu.  ft.;  each  cu.  ft,  ai  70 
deg,  will  weigh  0,086  divided  by  1.15  or  0,074  lb. 

A^ccording  to  Wolff,  the  loss  -by  transjnission  ra 
B.T,U.  (beat  units)  per  hour  per  sq.  ft.  of  surface  ci* 
posed  to  lower  temperature  than  interior  of  the  bulM- 
ing  or  room  per  degree  difference  in  temperature  is  as 
^hen  fn  condensed  iotm  \iv  i&ae.  ^d\\i2iV\^'t  *\t^v. 


Table  No«  202 
Units  Ix>st  per  Sq.  Ft.  per  Hour  per  Degree 
Difference  in  Temperature,  Between  In- 
side AND  Outside  of  the  Follow- 
ing BuiLDiNi;  Material,  etc. 
(Condensed  from  Wolff.) 
Brick  Walls. 

ches  thick 0.68  8  inches  thick 0.46 

ches  thick 0.32  16  inches  thick 0.26 

ches  thick 0.23  24  inches  thick 0.2 

ches  thick 0.17  32  inches  thick 0.15 

crhes  thick 0.13  40  inches  thick 0.12 

nary  doors 0.41 

nary  single  window 0.78 

nary  double  window    0.52 

nary   single   skylight    1.12 

nary  double  skylight   0.62 

nary  Fire  proof  construction,  as  flooring,..  0.12 
nary  Fire  proof  construction   (floored  over) 

Ls  ceiling   0.15 

nary  Wooden  beam  construction,  as  flooring,  0.08 
xiary  Wooden    beam    construction,     planked 

>ver  or  ceiled,  as  ceiling,   o.io 

>   use  the  above  table, 

H  equal  the  amount  of  heat  lost,  or  that  which 

Ust  be   replaced   if  room  is  to   remain  .at   constant 

fnperature. 

A  equal  the  area  of  the  "heat  transmitting"   sur- 
ice  in  sq.  ft. 

B  equal  the  loss  by    transmission     in    boat     units 
B.T.U.)    per  sq.   ft.   of  outer  surface  per  hour   for 
ach  degree  difference  between     inside     and     outside 
*mperature  in  degrees  Fahr. 
:  I  equal  inside  temperature  to  be  maintained. 

O  equal  temperature  outside  of  and  adjacent  to  the 
)om  or  building  to  be  heated, 
^e  then  hdve, 

xiuals  A  X  B  X  (difference  between  I  and  O)  or  in 
e  case  of  zero  outside  and  70  deg.  Fahr.  inside  we 
ive, 

quah  A  X  B  X  70. 

ike  value  of  B  from  above  or,  in  certain  cases,  the 
YWitig  table  as  given  by  Peclet,  w'\\\  be  iowTv^  oi  'a.'5»- 
nce.     See  also  text  following  Tab\e  "^o.  20\. 
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Bv  Gqhtact. 

By 

Bv  Radiation  + 
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Air  qaict 

Air  RtoviQf 
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0 
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Table  No,  206  A 

HsAT  Units   (B,T.U.)   Absorbed  or  Emitted  per  Sq. 
Ft.  per  Hour  by  Steam  Pipes. 
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%- 

Units  of  HbaT  pb*  SQ.  fqOT^  phr  Hoyn. 

^n:- 

^1 

By   RABlATtOK    ->- 

li 

By  CoStact, 

^)t 

CotTTACT, 

RadlBtioD, 

% 

Air  quiet 

Ait  moving 

Air  quiet 

Air  movinf 

210 

70 

130.49 

217.48 

189.90 

270.49 

867.48 

220 

70 

142.20 

237.00 

155.27 

297.47 

892.27 
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70 

158.95 

356.63 

169.56 

323.51 

428.14 

240 

70 

165.90 

379.83 

184.58 

350.48 

464.41 
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178.00 

296.66 

200.18 

878.18 

496.84 
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70 

189.90 

316.60 

214.&8 

404.26 

630.88 

270 

70 

302.70 

337.83 

233.43 

436.13 

671.26 

390 

70 

215.30 

35S.85 

251.21 

466.61 

610.06 

£90 

70 

228.65 

380.91 

287.73 

496.28 

648.64 

soo 

70 

240.85 

401.41 
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519.97 

680.53 
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^  Schumann  suggests  the  following  data     relative     to 
'^nnection  pipes  and  Coils. 

Table  No«  208 
^-^Sia  OF  Connection  Pipes  for  Coils  in  Hot  Water 

Heating  for  Top  Floor. 
--—       For    60  sq.  ft.  of  coil  surface  use  H    ^^^^^  PJP^- 
.-.^      For  TOO  sq.  ft.  of  coil  surface  use  i      inch  pipe. 
For  175  sq.  ft.  of  coil  surface  use  i34  inch  pipe. 
For  250  sq.  ft.  cA  coil  surface  use  i}^  inch  pipe. 
For  600  sq.  ft.  of  coil  surface  use  2      inch  pipe. 
IN  Steam  Heating. 
(Direct  or  indirect  radiation.) 
For  25  sq.  ft.  of  coil  surface  use  ^     inch  pipe. 
For    40  ^.  ft.  of  coil  surface  use  i       inch  pipe. 
For  80    sq.  ft.  of  coil  surface  use  i54  inch  pipe. 
For  160  sq.  ft.  of  coil  surface  use  ij^  inch  pipe. 
^        For  250  sq.  ft.  of  coil  surface  use  2      inch  pipe. 

Increase  the  sectional  area  of  pipes  about  15  per  cent. 
'   for  each  floor  toward  basement.     For  heating  basement 
-'  use  next  lower  commercial  size  of  pipe  than  those  above 
given.     For  proper  size  of  branches  use  Table  No.  143. 
Boiler  Capacity  Required 
Will  vary  greatly,  depending  not  only  on  all  the  con- 
ditions before  mentioned  but     upon     the     transmission 
power   of  the   radiating   surface   and   the   efficiency   of 
.    the  boiler. 

Approximately  we  can  say,  when  making  rough  esti- 
mates, that  the  ratio  of  Boiler  Heating  Surface  (For 
boiler  tubes  see  Table  No.  175)  to  radiating  surface  of 
I  to  10  will  cover  average  conditions ;  with  good  radi- 
ating surface  the  ratio  may  be  as  low  as  i  to  6  wlilile 
with  poor  radiating  surface  as  high  as  i  to  15  or  t8. 
Again  small  buildings  require  proportionately  more  boil- 
.  er  capacity  than  that  necessary  for  large  ones  on  account 
of  the  relatively  larger  proportion  of  exposed  surface. 

With  15  Jbs.  steam  pressure,  the  ordinary  smooth  un- 
painted  pipe  will  transmit  about  400  heat  units  CB.T.U.) 
per  sq.  ft.  per  hour,  pjiving  slightly  greater  efficiency  in 
a  vertical  than  horizontal  position.  Ribs  or  corruga- 
tions reduce  the  radiating  efficiency  about  i  per  cent. 
for  each  1.5  per  cent,  of  the  radiating  surface  corrugated 
or  75  per  cent  of  surface  corrugated  Tedv\et>  qS^\c\^w^n 
to  about  2on  heat  units   per   sq.    it.  \>eT  Vvowx.     \^  ^'^"^ 
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AIDER'S  SANITARY  NOTES 

^y right,  igot,  by  Joseprh  B.  Rider,  CE.) 

^P  SEWAGE 

liQtint  of  di^salved  and  suspended  organic  and 
t  matter  in  soura^e  varies  with  the  habils  of 
>le;  nvith   the   per  cafiita   water   consumption; 

kind  of  manufacturing  industries  of  the  mun-- 
i  with  the  amount  of  infiltration  of  ground 
to  the  sewers  ;  with  the  quality  and  porosity  of 
and  compactness  of  population  per  unit  of 
ered.  In  the  same  place  it  varies  from  day  to 
uring  the  first  year  a  system  is  in  operation^ 
ifiltration  of  ground  water  is  considerable  from 
am  in  a  ted  for  years,  the  amount  of  organic  and 
t  matter  is  generally  high;  with  no  increase  in 
>n  it  gradually  decreases  but  in  most  munici- 
>oth  density  of  population  and  water  consump- 

capita  increase  after  sewer  construction,  thus 
ing,  more  rapidly  than  the  above  counteraoting 
ecrease,  the  quantity  of  dissolved  and  suspend- 
er in  sewage  per  unit  volume, 
sual  to  find  the  amount  greater  each  year.  Ac- 
to  the  Mass.  State  Board  of  Health,  the  sew- 
Awrence,  Mass.,  contained  in  parts  per  100,000 
wing. 

K  TMe  No.  209 

^"Sewage  of  I^awhence,  Mass. 

monia  ,,,.,.,.  1.86  parts  per  100,000. 

bimiinoid  ammonia  , 0.66  parts  per  100,000. 

Albuminoid  ammonia  . .  .0.29  parts  per  100,000. 
*  Alibuminoid  ammonia  .0.37  parts  per  100,000. 

5-73  partb  per  100,000. 

k>ve  amounts  by  Table  No.  195  to  4.81  grains 
t.  gallon  or  o.o8t6  ounce  per  cu.  ft. 
n  consumed  wa5  3.44  parts  per  100 .000  while 
ria  per  cu.  centimeter  numbered  871.000,  The 
€B  the  average  results  of  four  years  observa- 
2  inanufacturing  city,  m  'wh\t\v  muctv  <A  ^^ 

^ "^ M 
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Table  No«  2(0 

lach  100  grains  or  one-fourth  ounce,  nearly  (OJ229)  per 

cu.  ft.  of  dissolved  and  suspended  matter 

equals 

22.9  parts  per  100,000 

229.    parts  per  million. 

Parts  per  million  x  o.ooi  equals  ounces  per  cu.  ft. 

Parts  per  100,000  x  o.oi     equals  ounces  per  cu.  ft. 

Table  No.  195  will  also  be  found  convenient. 

Effect  of  Turbid  Waters  on  Amount. 

Under  "Turbid  Waters"  page  339  we  have  that  the 
Mississippi  River  contains  an  average  of  350  parts  per 
i^illion  or  by  above  table  0.35  ounce  per  cu.  ft.  In  high 
tage  of  river,  2300  parts  per  million  or  2.3  ounces  per 
XI.  ft.  or  nearly  10  times  the  above  mentioned  basis  of 
00  grains  or  one- fourth  ounce  per  cu.  ft. 

Where  such  a  water  is  used  as  a  water  supply  and 
Ei-ter  have  added  to  it  the  sewage  of  a  municipality,  it  is 
•'\'ident  that  the  amount  to  be  taken  care  of  by  a  sewage 
lisposal  plant  per  unit  volume  will  be  many  times  that 
►liown  by  the  Lawrence  analysis.  Each  case  must  be 
-^nsidered  apart  from  all  others  and  the  above  facts 
^ave  been  mentioned,  simply  to  emphasize  the  import- 
ince  of  not  being  guided  by  precedent. 

After  due  allowance  "has  ibeen  made  for  the  normal 
iinount  in  the  uncontaminated  soil  of  the  neighborhood, 
ihlorine  and  nitrogen  are  indicators  of  the  amount  ot 
fcewage  contamination.  Frequently,  especially  foreign 
maJyses  are  expressed  in  part  by  giving  the  organic 
litrogen  per  100,000  or  million  parts  while  others  are 
jiven  in  part  by  giving  the  albuminoid  ammonia.  Prof. 
Drown  suggests  as  the  result  of  his  experience  with 
nany  waters  that  when  the  Wanklyn  and  Kjeldahl 
nethods  are  used  to  determine  the  amounts,  that  the 
»rganic  nitrogen  will  be  about  double  the  albuminoid 
ammonia,  for  the  same  water  or  sewage. 
Excrements 

In  average  sewage  make  up  about  one-half  the  total 
ontamination. 

In  pounds  per  capita  per  annum  according  to  Rafter 
.nd  Baker  it  amounts  to  that  given  in  the  following 
able  for  the  average  mixed  population  of  men,  women, 
K3ys,  srirh,  etc. 
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oper  sewage  disposal,  and  ventilation  go  hand  in 
nd;  one  without  the  other  can  do  much,  but  all  work- 
er together  for  the  general  welfare  is  best  and  have 
:ver  failed  to  reduce  the  death  rate  of  a  community 
here  adopted  and  given  requisite  care  and  attention, 
ondon's  death  rate  was  nearly  three  times  as  great 
tfore  their  adoption.  Other  places  show  even  better 
suits. 

Quantity  of  Sewage. 
It  is  quite  useless  when  designing  to  make  refined 
Iculations  based  on  the  per  capita  water  consumption ; 
Bount  used  on  Wash  Day,  etc.,  as  advised  by  certain 
ithorities.  With  an  efficient  water  works  superinten- 
5nt,  the  per  capita  consumption  may  be  50  gallons  to- 
ly  and  next  year  his  lax  successor  may  permit  100  gai- 
ns to  be  used.  Much  of  this  may  reach  water  courses 
ithout  entering  the  sewers.  Manufacturing  uses  then 
^y  he  more  or  less;  again  the  uses  in  a  manufacturing 
action  may  be  ten  times  as  much  per  capita  for  the 
Dpulation  contained  on  the  area  as  in  another  section 
f  the  same  city  or  like  the  lower  section  of  New 
"ork,  have  a  per  capita  sewage  discharge  300  times  as 
Teat,  when  based  on  the  permanent  population,  as 
hen  it  is  correctly  proportioned  among  those  occupy- 
ig  the  section  during  business  hours. 
Such  portions  of  a  municipality  should  be  considered 
part  from  others. 

A  trench  for  a  6-inch  costs  jus-t  as  much  as  one  for  an 
-inch  sewer.  The  difference  in  cost  for  pipe  is  sel- 
om  over  four  or  five  dollars  per  100  feet  or  with  a 
ouse  every  25  ft.  of  sewer  containing  5  persons  the 
•ctra  cost  is  but  20  to  25  cents  per  capita.  Likewise 
le  difference  in  cost  between  any  two  sizes  is  small 
T  capita  when  .based  on  its  carrying  capacity;  hence  in 
any  instances  refinements  as  to  hourly  flow,  maximum 
)w,  sewer  gaugings,  etc.,  are  out  of  place  when  -the 
erage  system  without  sewage  disposal  is  under  con- 
leration.  When  sub-drains  are  not  laid  about  20 
r  cent,  of  total  flow  will  be  sub-soil  water  entering 
e  sewer;  hence  the  importance  of  sub-drains  to  rc- 
ce  amount  of  sewage  to  be  purified  at  disposal  plant. 
From  the  general  character  of  the  place,  use  judg- 
jnt  as  to  the  direction  of  future  growth  and  plan  your 
lin  sewers  accordingly. 
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the  amount  of  storm  and  roof  water  reaching 

TaMe  No.  2t3 
One  Inch  pep  Hour  Rainfall 
Equals 
I       gallons  per  minute  from  one  sq.  mile. 
.54  gallons  per  minute  from  one  acre. 
•39  gallons  per  minute  from  looo  sq.  ft  of  roof. 
■)39  gallons  per  minute  from  100  sq.  ft.  of  roof, 
cu.  h.  per  minute  from  one  sq.  mile, 
cu.  ft.  per  minute  from  one  acre. 
19    cu.  ft.  per  minute  from  1000  sq.  ft.  of  roof. 
39  cu.  ft.  per  minute  from     100  sq.  ft.  of  roof, 
also  page  266  and  Table  No.  191. 
age  Continental  practice  provides  for  level  sec- 
n  average  of  2.5  cu.  ft.  per  second  storm  water 
tach  acre;  for  steep  sections,  about  4.25  cu.  ft 
cond.     Many   American   Engineers   provide   for 
cu.  ft  per  second  from  an  acre  or  for  less  than 
CH  PER  HOUR  rainfall  as  given  in  the  above  table, 
fall  in  the  State?  frequently  is  greater  than  one 
tr  hour,  but  in  the  great  majority  of  cases  such 
arrive  after  protracted  drouth,  and  if  catch  bas- 
properly  trapped,  and  the  system  of  pipe  lines  is 
ly  designed,  the  surplus  water  at  «uch  times  in 
municipalities  can  be  carried   for  the  necessary 
inutes,  generally,  by  the  gutters,  without  causing 
n  the  sewers  sufficient  to  rupture  them.     It  will 
aper  to  repair  streets  after  an  occasional  rain  of 
um  precipitation  than  to  pay  the  interest  on  the 
iry  extra  thousands  to  provide  for  carrying  ex- 
amounts  of  storm  water.     In  larger  cities,  and 
n  others  it  must  be  provided  for  either  by  sepa- 
ains  or  otherwise. 

engineer  of  good  judgment  based  on  practical  ex- 
re  can  do  more  toward  arriving  at  a  correct  de- 
atton  of  the  amount  of  storm  water  to  be  pro- 
for  in  any  certain  section  of  a  municipiality  by 
tion  than  would  be  possible  by  consultation  of  all 
ta  published  relative  to  coefficients  to  be  used 
various  conditions.  For  this  reason  it  is  con- 
i  quite  useless  to  discuss  the  matter  theoreticaHr. 
engineer  should  not  be  afraid  to  a.sk  cvaftstv<io&\ 
t  all  possible  about  "high  water"  m^tVs»  vcv  %V\^«8i^» 
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>-a.t  has  accumukled  since  a  precedirg  storm,  and 
of  an  objection  results  in  a  decided  advantage 
Stove d  health  of  people  living  adjacent  to  it 

Di^rnAFiCpiNG  Capacity  of  Sewers. 
[discharge  of  large  circular  or  egg-shape  sewers 

aiil^e  given  an  page  275. 
J4isch;irgc  under  pressure  if  conduit  is  large  use 
ae  on  pa^e  194,  or  i!  not  more  than  4  ft  in  dlam., 
I  No.  J 20,  etc. 

fdi^charg^  of  all  sizes  of  vitrified  pipe  conduits 
vers    under   any    i/ractical    conditions    not   under 
sure,  nse  the  following  tables. 

^ble  No,  214  is  based  on  Kutter*s  formula  and  has 
t  verified  by  several  hundred  experiments  by  the 
hor.  As  first  issued  it  is  in  use  by  more  than  5000 
kary  engineers  and  others ;  also  by  many  colleges 
tighout  the  country  and  so  far  as  the  author  is 
Vk^  they  also  have  found  it  to  agree  with  actual  re* 
5  on  fiat  or  at  upper  end  of  steep  grades, 
able  No.  215,  also  based  on  Kutter'::  formula,  has 
1  introduced  to  give  the  discharge  of  the  larger 
!?  of  vitrified  pipe  now  giving  such  popidar  satisfac- 
taking  the  place  of  brick  sewers,  stone  i>oad  and 
way  culverts  J  etc, 

f  yon  are  compelled  to  lay  a  &mall  sewer  on  such  a 
de  that  the  velocity  of  flow  will  be  less  than   rso 
minute  as   given  by   the   taibles.  be   sure   and  ar- 
je  for  proper  fliishing, 

he  tables  do  not  pretend  to  give  the  exact  discharg- 
capacity  of  every  sewer  foi'  hke  two  boats  built 
n  identical  models,  two  exactly  similar  sewers  (in 
ign)  may  not  glide  through  the  water  or  which 
mnts  to  the  same  thing,  allow  vater  to  glide 
>ugh  them  at  the  same  rate. 

n  using  the  formula  a  varying  coeflfxcient  of  rough- 
5  has  been  used  based  on  the  author's  experiments s 
S5S  unusual  circumstances  interfere,  to  |>ack  up  the 
r  or  check  discharge,  the  quantity  given  in  the  tables 
tltentionally  made  conservative, 
eforc  designing  by  the  aSd  of  the  tables,  the  eflTect 
acceleration  due  to  gravity  as  given  on  page??  follow- 
the  tables,  should  be  understood.  In  the  auithor's 
ign  for  Port  Chester.  N.  Y.,  and  other  places  ks 
jcr  consideration  saved  several  th'OV\sa.t\4  ^cj\\a.xs  \^t 
hy  not  ^nhrging  main  sewers  every  tme:  a.  VaXef^ 
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FFECT  OF  ACCFLERATION   IN   VELOCITY  OF   FlOW   DUE  TO 

Gravity. 
Most  formulae  assume  that  resistance  of  the  mate- 
al  of  the  sides  of  a  sewer  to  flow  and  other  causes 
St  equals  the  efl'ect  of  acceleration  due  to  gravity  and 
Jit  therefore  the  velocity  of  flow  in  the  sewer  is  uni- 
rm  from  top  to  bottom  of  a  grade,  regardless  of  the 
11  in  feet  per  hundred. 

If  this  is  true,  a  sled  gliding  down  a  steep  hill  would 
■t  have  its  velocity  increased  at  all  from  the  time  it 
R  the  top. 

Xook  into  almost  any  sewer  laid  on  a  moderate  grade 
ar  one  half  full  at  a  manhole;  go  to  the  next  one 
»'Wn  the  grade  and  the  depth  of  flow  will  often  be 
B8,  even  though  increments  of  sewage  have  entered 
"tween.  The  Author  has  made  many  experiments  to 
termine  the  relation  existing  between  size  of  sewer, 
;j»th  of  flow  and  grade.  The  experiments  and  observa- 
^ns  have  extended  over  a  period  of  nearly  fourteen 
ars  and  he  hopes  to  soon  embody  them  in  convenient 
»m  for  practical  use  of  the  profession.     To  attempt 

here  discuss  the  subject  would  necessitate  the  use  of 
Iculus  and  is  therefore  prohibited  by  the  title  **In- 
^nt  Answers."  The  subject  is  of  sufficient  import- 
Lce,  however,  to  have  attention  called  to  it  somewhat 

detail.  The  following  is  abstracted  from  a  paper  by 
Hi  as  read  before  the  American  Water  Works  Assn. 

the  Phila.  meeting  in  May,  1891,  and  is  given  in 
'<ference  to  quotations  from  other  articles  on  this 
me  subject  on  account  of  its  describing  some  of  his 
"St  experiments. 

"Permit   me   to    state   the    following    facts    which    I 
mk  are  not  generally  recognized: 
"First,  That  for  every  size  of  pipe  there  is  a  rate  of 
•ade,  on  which,  if  the  pipe  is  laid,  the  discharge  will 
'  a  maximum. 

"Second,  That  the  smaller  the  pipe  and  greater  the 
eflicient  of  roughness,  the  nearer  will  this  grade  ap- 
oach  a  vertical  line. 

"Third,  That  for  a  given  depth  of  flow  in  a  pipe  (not 
»rking  under  pressure)  there  is  but  one  grade  on 
lich  said  pipe  can  be  laid,  in  order  that  depth  of  flow 
!1  remain  constant  throughout  the  length  of  the  con- 
it. 
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t  outlet,  on  0.6  per  lOO  grade,  the  actual  velocity 

>und  to  be  3.8  feet  per  second.    Kutter's  formula, 

jsual  coefficients,   gives  3.49  feet     per     second; 

)re  a  well  constructed   12-inch   vitrified   conduit 

g  I2  full  on  a  0.6  per  cent,  grade,  discharged  7.05 

feet,  or  52.73  gallons  per  minute  more  than  the 

,ted  discharge. 

;  hydraulic  mean   radius   being   the   same   for  a 

inning  full,  we  can  say  that  a   i:'-inch  vitrified 

t  when  running  full,  will  discharge  105  gallons 

nute,  or  151,000  giillons  per  day  more  than  the 

ted  discharge  by  Kutter's  formula. 

there  is   such   a   discrepancy  between   calculated 

ictical  discharge  for  a  12  inch  vitrified  conduit  on 

ide  mentioned,  how  much  greater  will  be  the  vari- 

^hen  both  grade  and  size  of  conduit  are  increased. 

m  the  above,  conclusions  can  be  drawn: 

5t,  That  the  grade  which  will  insure  a  uniform 

^  in  a  well  laid  12-inch  conduit,  when  running 

If  full,  is  less  than  0.6  per  100  feet. 

ond.  That  a   12-inch  conduit  calculated  for  dis- 

ig  a  cert?ain  quantity  **Q"  must  not  have  admit- 

o  it  any  increments  "Q,"  if  tne  grade  is  much 

an  0.6  per  100  feet. 

;-  idea  that  I  wish  to  bring  forward  by  the  pre- 

remarks  is  not  that  it  is  advisable  to  lay  a  con- 
•adually  decreasing  in  area  as  it  reaches  the  out- 
ut  to  lake  rn  example:     Suppose  a  conduit  to 

uniform  inclinatioii  from  a  point  "A,"  where  it 
s  a  cfuantity  of  liquid  "Q,"  to  a  certain  point 
>wn  the  grade,  and  that  no  increments  are  added 
distance  **A"  **B,''  then  there  is  but  one  case  in 
the  conduit  at  "B"  is  necessarily  as  large  as  at 
nd  that  is,  when  the  acceleration  due  to  gravity  is 
ual  to  the  frictional  resistance  within  the  pipe, 
w,  very  few  conduits  are  run  on  grades  that 
ibout  this  equality,  and  as  a  consequence  the  vc- 
constantly  increases  from  ''A*'  to  a  certain  point 
»'hich  may  or  may  not  be  beyond  the  point  "B." 
point  "C"  the  maximum  velocity  is  obtained,  and 
grade  and  size  of  conduit  remains  constant,  the 
y  will  not  change  in  sai'd  conduit  from  the  point 

the  end. 
0  .not  mean  to  say  that  a  conduk  >\\ov\\<i  A^ct^^**.^ 
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Slip  Glazed  Pipe 
Are  made  of  poor  quality  of  clay,  often  so  poor  that 
it:    -cannot  be  used  for  other  purposes.     After  the  pipe 
ai-re   made  and  dried,  they  are  dipped  into  a  solution  of 
^.rgilaceous  earth  or  aluminous  clay   (mixed   to  alx>ur 
"tVie  consis-tency  of  milk)  which  will  melt  at  a  compara- 
tively low  temperature,  and  run  over  the  outside  of  the 
I>ipe  before  the  clay  forming  the  body  of  the  pipe  is 
Hard  burned. 

After  dipping,  the  pipe  are  set  in  a  close  kiln,  and  a 
^ufticient  heat  produced  to  melt  this  outside  covering 
^nd  cause  it  to  run  over  the  pipe.  ^ 

This  slip  glaze  is  apt  to  peel  off  when  the  pipe  are 
subjected  to  the  action  of  fros-t  or  acid.  The  Inxly  of 
*^e  pipe  not  being  sufficiently  burned,  is  porous  and 
*Tequently  becomes  soft  and  spongy  in  the  ground. 
Strength  of  Vitrified  Pipe. 
It  properly  laid  on  a  good  foundation  and  the  earth 
*s  well  tamped  under  around  and  at  least  one  foot  over 
^lie  pipe,  average  good  quality  of  salt  glaze<cl  vitrified 
tope  will  carry  the  following  weights  of  trench  earth 
lier  lineal  foot  of  sewer. 

4  inch    4       tons. 

6  inch    3        tons. 

8  inch    2        tons. 

10   inch    I        ton. 

12  inch    0.75  ton. 

The  amount  carried  by  the  larger  si.^es  is  too  vari- 
able for  tabulation;  for  in.stance,  a  24  inch  line  laid  in 
a  careless  imanner  will  often  crack  lengthwise  nearly  its 
entire  length  under  a  load  of  5  to  '8  ft.  in  depth  of 
"back-filling  while  the  .same  line  if  laid  in  concrete  up  to 
ks  centre  line  -will  resist  even  as  much  as  the  4  inch 
above  given.  Under  ordinary  conditions  if  the  pipes 
are  well  laid,  the  earth  thoroughly  tamped,  they  can 
be  made  to  resist  the  weight  of  back-filling  in  a  twenty 
foot  trench ;  if  care  is  taken  in  back  filling  the  earth 
arches  itself,  thus  relieving  the  pipe  of  a  considerable 
portion  of  the  weight.  The  author  has  laid  all  sizes  in 
all  depths  of  trench  up  to  25  ft.  arrd  so  far  as  known 
never  had  but  one  cracked  line,  this  being  due  to  a 
quick  sand  foundation. 

If  the  trench  is  in  dejp  rock  it  is  wc\\  \.c>  \^^  sxc^^vt 
alongside  of  the  pipe  line,  packing  tV\em  \\\  V\\c»tv.>\\^^^ 
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*nt;  thus  fill  the  joint  to  its  face  and  finally  give  the 
al  otrtside  taper  of  about  45  degrees  witih  good  ce- 
i-t  mortar.  Keep  wa-ter  away  from  outside  by  carc- 
w  placing  clay  or  other  good  material  next  to  it. 
sure  to  remove  the  cement  projecting  inside  of  the 

uch  a  joint  after  it  has  set  on  a  rigid  line  is  fully  as 
ng  as  the  pipe  itself.  Lt  can  be  used  to  advantage 
emergency  cases  on  cast  iron  fwater  pipe  lines.  For 
mains,  tfhey  are  much  cheaper  than  ihe  regular  lead 
t  and  often  preferable.  In  this  connection  it  may  be 
L  to  state  that  in  laying  iron  pipe  in  locations  diffi- 
to  properly  caulk,  a  sulphur  joint  can  be  used;  it 
not  need  caulking  as  it  does  not  contract  like  lead 
tn  cooling. 

Tests. 
"ever  test  a  vitrified  pipe  line  b>''  hydroulic  pressure 
^ss  it  is  held  rigidly  in  place;  otherwise  it  will  tend 
dnk  and  twist  similar  to  a  hose  under  pressure. 
Iways  begin  at  lower  end  of  line  to  ky  pipe.  Proper 
-drain  will  take  care  of  sub-soil  <water  and  allow  "dry 

Ring  Joints. 
/here  pipe  is  to  work  under  pressure  ring  joints  are 
c'erable  to  smooth  bell  joint  but  not  to  the  modern 
It  with  groove  in  the  bell. 

Color  and  "Ring"  of  Pipe. 
'he  color  of  pipe  bears  little  relation  to  its  strength 
vided  a  cross  section  of  pipe  does  not  show  a  con- 
irable  variation  in  the  color  in  distinct  concentric 
fs;  thi-s  is  a  SRgn  of  poor  or  inefficient  burning  or  in 
le  cases  of  improper  mixing  of  material. 
'ipes  having  a  distinct  metallic  ring  when  hit  with 
lammer,  if  of  proper  thickness,  with  good  glaze, 
d  no  further  inspection.  Pipes  with  a  dull  ring  will 
resist  much  pressure  and  are  quite  liable  to  absorb 
^nsiderable  amount  of  water  or  sewage. 

Cement  Pipe. 
!ement  pipe  ought  not  to  be  used  at  all  for  sewers. 
ier  slight  pressure  when  made  in  the  usual  manner, 
a  under  two  or  three  feet  head  they  wilil  absorb 
ugh  serwage  to  become  "soggy,"  and  even  leak. 
h  pipe  tiave  no  place  therefore  in  a  sanitary  sewer 
em, 

be  above  remarks  refer  only  to  commoTv  ^^^^^  "^"^^ 
o  Cement  Lined  Water  pipe  made  oi  ^00^  c^xcv^tvX 
tietalhy  reputable  makers. 


Table  No.  216 

5-\XD\R»  VrmiFTO)  Sewer  Pipe  Price  List. 
(  Smaller  sizes.) 
A  looted  by  Ea<em  and  Western  Manufacturers, 
January  20th.  1887. 


2  inch  12  inch 

Perfnot $0  14  Per  foot ^ 

Bends.  Elbows  each.  40  Bends,  Elbows  each.  3 
?  1-.  .----  . -^  eh  63.  Branches,  2  ft I'ng,  eh] 
Tr-ips,  each k 

,  3  inch  jjinch 

P«-™V.w il-^  '^  Per  foot t 

Bends^Eibows,  each.  50  Bends.  Elbows,  each. 

Branches  2 ft  I  n^.  c h  72  Branches.  2  ft I'ng.  eh 

Traps,  each i  50 


4  inch  18  inch 

Per  foot $0  20  Per  foot ! 

l^emis.  Elbows,  each.  65  Bends,  Elbows,  each. 
Branches.  2  ft l*ng.  eh  90  Branches.  2  ft I'ng  eh 
Trars.  each 2  00  


5  inch  2u  inch 

?^r  f  »^t $0  25  Per  foot 

z^eccs.  Elbows,  each.  55  Bends,  Elbows,  each. 
':>ra.iches.  i  ft  Inj^.  e*h  i  13  Branches,  2  ft  Ing,  eb 
Vr.iL'^.  each 2  50  


c  inch 


2   inch 


Table  No*  2J7 
ER  Lineal  Foot  and  Quantity  in  Minimum 
Car  Ixad  of  30,000  Pounds. 

IPE        WEIGHT  PER  FOOT       QUANTITY  IN  CAR 

LOAD 


5.0  lbs 

6,000  feet 

6.5    - 

3.750    " 

10.     •' 

3,000    •• 

II.     " 

2.350    •* 

16.     •• 

1,900    " 

25.     ** 

1.250    ** 

30.     •• 

1,150    '• 

35.     •* 

884     ** 

45.     '• 

650    •• 

65.     •• 

464    •' 

85.     •• 

350    •• 

100     *' 

294    " 

113.     *• 

266    - 

120.     •* 

242     *• 

145.     *• 

230    " 

225.     *'. 

150    - 

ght  of  pipe  varies  from  10  to  20  per  cent. 

Charges  for  Specials. 
,  charged  "fifty  per  cent,  more  than  plain  pipe, 
ured  on  the  long  si-de  of  the  slant  but  no  less 
iches. 

ADDITIONAL  Branch  or  Trap  is  charged  as 
ice. 

with  or  without  hand-hole,  same  price,  but 
e  than  one  hand-hole,  'the  additional  charge 
•ranch  pipe. 

Strength  Pipe  of  fifteen  inch  and  above,  is 
*ss  one-twelfth  (1-12)  the  diameter,  is  a  less 
than  standard  pipe,  the  regular  thickness,  as 
d,  is  entitled  "standard  thickness." 
^ERS  are  pipe  wi'th  socket  on  small  end,  and 

with   socket  on   larger  end,   and  charged  at 
e  price  of  two  feet  of  pipe  of  size  of  larger 

ECE  Trap,  nine  inches  in  diameter  or  over, 
right  times  the  price  of  one  foot  of  pipe  for 

EL  OR  Split  Pipe,  which  is  pipe  cut  in  two  or 
es,  lengthwise,  each  piece  charged  threenfifths 
of  a  whole  pipe. 

;  OR  Plugs  for  closing  pipe,  oive-^tYvvc^  <A  otv^ 
e  of  the  size  in  which  \t  is  used. 


U^r^v  A>'D  Wide  Socket  Pipe  is  less     discount    than 
Standard   Pipe,   and   has   greater   depth  of  socket  andj 
more   annular   space. 

j\^.^j-age  disco unri  delivered  Is  ^out  70  per  cent 
The  following  table  gives  price  of  vitrified  pipe,  eR 
it!  Southern  California. 

Table  No.  2JS 
PiticE  l*isr  OF  Los  Angeles   Sewek  PtPE  AssoctAH 

FOR 

Smt  Gl\zed  VtTRiFieu  Sewer  and  Water  PiPti 


& 

r^ftiTfr 

1^ 

^^Z 

^ 

Tf*t* 

■ 

£35 

■fHMi 

^  jT^^J 

3 

J 

ft 

» 
7S 

1  ip 

'  J3 
1  so 

",1 

i  ** 
4  ^ 

is 

15  tn 

1   p 
1   10 
9  7S 

3  7S 

4  *S 
4  3f* 
*  7i 

fife 

73 

a  «a 
1  b 
■  ^ 

3  at 

t  w 
»  3P 

4  00 

t  00 

1  vt 

4 
4 

!■ 
It 

IS 

s 
il 

b 

i3» 
tllQ 

ltJ4   1 

^f  \ 

mi*     1 

JM*      1 

It 

i« 

r  kBi  t  Tim^  rltk  hBMl4«AW.  I}<nta<i 


In  comparing  prices  and  discounts,  be  sure  that  j 
ire  nsing  the  same  list  or  are  properly  comparing 
ferent    list   prices.      Certain    manufacturers   have  tharl 
own,  somewhat  at  varianctf  with  the  standard  liij^t  prictl 

i^Ltckmer  and   Post  give  the  foltowing  data  relatiwj 
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■^Tu  atrnr  hi.^  friznd  it  impossible  to  tabulate  U 
■r_-:*-rc  nj  mir.  :»r  t-ven  iht  bids  accepted  and  for  whi 
a:f.-''^-n-  ¥:ri;f  were  constnicted  in  such  a  way  as 
'r.  .1-  vu::u  :r  ":r.>  -w.-'T^  In  fact  he  is  afraid thdr ' 
-■r-r  ii  v!:n  »:■■  znhZTy  aMe>  relative  to  local  condkk 
¥. -:i  :  Lvn:  •  rr^t*  ibe  information  valueless  (W< 
:-v    -  lu^   r  k:  :    :•  ■:   d:    >:herw-ise  than  confuse, 

T:v  '.iI.'VTrx  zh.':i\t  b>»tver  may  be  found  of  ass 
jn.-i  ':  |:-"t*~  :ht  hvtrsszt  cosi  tor  certain  items  ui 
Tu— .n:*-  mndiTTin-  ;  D  zD^^r.s  difficult;  F,  fair;  E,< 
v.iTS  2r  Tttt  "Tinis^  Ere  ^fntnlU-  understood.  Ui 
-iirt-.  r  iiu  iisn^f  if  ci^en  c-:'?c  for  certain  incider 
■r..-.:*:^:  :i  :nt  t-tt.  f  rr.-i-tnf  per  ft.  of  sewer;  e,C! 
~'i  »nrv  — .  •>^::-d  m;-i^zrt  Irr-n  pipe  is  based  oncoi 
tv"\       r  a:c**    nf  &2r  ner  nn  ton. 

•    r-Tx^c.  «;:'it   :-  ht?<rd  -:ic  So  per  cent,  discount  i 

TiVir  Vo.  201 
-:    ^  >*    :■    j£«.i..iN  :t£M5  :x  Sewer  Const 
.  •  --r.;  >:  7'S3:r:5a:>-  cf  Jl»<e?h  B.  Rider,  C 

Cost  per 
comple 


:c   .-ir^i*:^    :cl 


p:Ie>  complete — $9-: 

I2.50  e 

4.00  e 


Table  No.  aoz — Continued 
ring  and  pulling  same,  light  lum- 

r  \ 0.08  f 

ik  in  bottom,  placed,   0.02  f 

iping  water  0.05  f 

iping 0.04  f 

lent  joints    0.025  f 

lacing  pavements,  see  table  No.  132. 

nch  vitrilied,  will  cost  under  similar  conditions,  not 
'  exceed  15  cents  less  per  foot  than  20  inch. 

nch  has  averaged  in  cost  for  7.5  ft.  trench.  .$1.05  F 

ncfh  has  averaged  in  cost  for  7.5  ft.  trench. .  0.89  F 

nch  has  averaged  in  cost  for  7.5  ft.  trench. .  0.75  F 

nch  has  averaged  in  cost  for  7.5  ft.  trench. .  0.76  D 

nch  has  averaged  in  cost  for  7.5  ft.  trench. .  0.60  F 

inch  has  averaged  in  cost  for  7.5  ft.  trench. .  0.52  E 
nch  has  averaged  in  cost  for  7.5  ft.  trench 

38  to  socts.  F 

inch  sub-drains    $0.12  f 

inch  o.io  f 

>use  connections,  6  inch,  24  cents;  4  inch,  19  cents 
>er  foot.  Manholes  containing  (with  waste)  2M 
>rick,  with  350  lb.  cover,  $62.00  e.  Smaller  manholes 
•s  low  as  $38  for  average  height  of  6.5  ft. 
'sh  Tanks,  'have  averaged  $80  complete  with  good 
yphon.  A  poor  make  of  flush  tank  is  worse  than 
^ne  at  all;  a  good  one  is  an  important  factor  and 
J^ch  beitter  than  depending  on  flushing  with  hose, 
^r  cost  of  sewage  pumping  wells,  see  data  under 
^n  Wells. 

Brick  Sewers. 
^r  capacity  see  "Discharging  Capacity  of  Sewers.") 
^he  hydraulic  mean  radius  (  section  of  water  divided 
the  wetted  perimeter,   see  page  273)    shoiuld  be  as 
ar  maximum  as  possible  at  all  stages  of  flow.     For 
Arer  outlets  in  small  municipaLities  and  lateral  trunk 
vers  in  larger  cities  ^^z  shape  or  oval   section  in- 
es  above  condition  as  near  as  practical  to  obtain  it. 
"or  main  outlets  of  large  cities  where  depth  of  flow 
s  not  vary  between   such  wide   limits,   the  circular 
y\on  Js  preferable  as  giving  the  gre«i)\.es>V  csai^^oX^-^  ^^"t 
yd.  of  material  used  in  construction. 
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on,   returning  to  established  grade  on  the  lower 
re  not  objectionable. 

»  best  to  have  a  mamhole  on  either  side  and  one 
.  cover  that  can  be  made  "pressure  tight"  by  bar 
edge  at  lowest  point  in  Hnc  under  centre  or  at 
3e  of  the  water  course  or  obstruction,  to  facilitate 
ig  if  necessary.  It  is  best  to  make  the  depressed 
n  of  iron  pipe  somewhat  less  in  cross-section  than 
jwer  itself  on  either  side;  also  to  give  a  slight 
net  grade  between  the  manholes  on  either  side 
is  of  the  iron  pipe ;  this  will  terid  to  increase  the 
ty  and  prevent  matter  in  suspension  from  settling 
low  point.  The  author  has  been  obliged  to  con- 
several  inverted  siphons  and  has  never  experi- 
any  trouble  with  their  clogging,  in  one  case  he 
•iicted  a  24  inch  line  under  a  tide  water  creek;  it 
een  in  use  over  11  years  and  though  centre  man- 
s  opened  eacli  year,  the  line  has  always  been  found 
or  at  least  free  from  accumulation.  There  is  a 
predjudice  against  inverted  siphons  but  if  prop- 
lesigned  there  is  no  reason  why  they  should  clog 
quickly  than  an  ordinary  trap  in  a  house  pipe. 

SEVAGE   DISPOSAL 

(For  Amount  of  Sewage  see  Sewage.) 
Disposition  Into  Streams 
bout  all  there  s  in  life  for  man  is  contentment; 
ut  health  this  is  impossible,  and  no  community  can 
althy  while  drinking  bad  water."  * 
trefaction  of  organic  matter  is  not  only  objection- 
from    an    aesthetic    standpoint,    but    unhealthy. 
gs  popular  are  often  so  because  cheap,  but  things 
)  are  not  always  best,  or  economical  though  pop- 
Common    decency,    reasonable    rt-gard    tor    the 

s  of  others,  and  protection  of  self  demands  that 
ge  should  not  be  discharged  into  streams  used 
able  to  be  used  for  water  or  ice  supply.  Every 
ligent  citizen  admits  that  it  should  not  be  so  dis- 
ced :  many  reasons  why  it  should  not  are  given 
r  "Brief  Water  and  Supply  Notes." 
ithin  limits,  by  proper  method,  sewage  can  with 
nity  be  discharged  into  certain  bodies  of  water, 
ointed  out  under  "Aeration,"  water  does  not  "pur- 

Jaoifd  from  the  author's  address  as  RWen  \tv  e^\\.ot\«\  \tv 
'aaeapolia;  Minn.,  'Tribune."  AuRuat  a^,  \^v. 
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rWlf  itst^lf   by  flowing  in  a   atrcatii      Ti  ■  a 
tent,   certain  organic  maitcr  in   the  water,  it 
admitted,  combines  widi  the  oxygen  of  the  air  trf 
harmless     inorganic     compounds,     but     this     sell 

I  amounts  to  sufficient  to  connteract  the  eftect  of  ml 
dtjction  of  increments  of  organic  matter  as  the  stn 
flows  from  towfn  to  town  or  farm  to  farm. 

Many  authorities  have  given  the  impression  that  ntRfl' 
erons  form*,  of  Aquati"  Vegetation  or  Life  will  at 
sorb  all  that  is  objectionable  in  sewage.  It  is  tnw 
that  such  vegetation  wil.  not  only  live  in  a  water  m' 
tainmg  sewage,  if  snfliciently  dilute*  but  that  it  thrifes 
or  feeds  upon  the  dis^»olved  organic  matter  ot  iht 
contained  sewage.  Such  life  or  vegetation  will,  howem, 
die  in  concentrated  sewyge.  Again,  it  is  not  present 
in  all  .streams,  and  even  in  tho^^e  in  which  it  is  pre<»M, 
h  h  not  active  at  all  reasons  of  the  year,  and  henci 
must  be  eliminated  as  a  factor  In  stream  purificatica 
For  the  above  and  other  reason s,  the  m icro- organ ismi 
I, nitrifying  bacteria)  mast  be  depended  upon  to  pe^ 
form  such  net  work  of  purification  as  does  take  plafi^ 
outside  of  sedimentation,  except  in  the  case  of  tnadi 
livdrogen  sulphide  or  other  easily  oxidized  compounds 
Where  the  health  of  a  commtintty  is  at  stake,  nothinf 
but  methods  reliable  at  all  times  should  be  dependd 
upon.  From  a  business  standpoint  alone,  no  muiii^ 
ipality  ought  to  rely  on  *'self  purirKation.*'  weeds,  grasi 
or  other  aquatic  fife  to  give  it  pure  water  to  drink 

The  nitrifying  bacteria  must  have  air,  or  they  will 
cease  work  and  die.  The  lienefit  of  atration  is  not 
because  of  the  direct  oxidation  of  organic  matter, 
which  takes  place  in  a  small  degree,  but  because  of  the 
air  furnished  the  nitrifying  organ ismis  and  permitdnf 
fhem  to  purify   the   ^^ewage  by  bacterial  oxidation,  iS 

^^  hereinafter  explained. 

^m  Dtlutiok. 

^"    As  a  general  statement,   it  can  be  said  that  fr> 

r  to  S  per  cent,  of  the  volume  of  a  stream  can  be  re- 
cently discharged  sewage  and  not  cause  a  nuisaiw 
apparent  to  the  eye.  taste  or  smell.  If  the  velocity  of 
the  current  is  over  two  feet  per  second,  the  amcumi 
can  sometimes  be  do^bXed,  %v\\  r^lx^Kv  "wVen.  ^  ifl* 
crea.^ed  accumvilalions  dep*:i^\t.ed  a.^  ^-SL^it^  <i\  ^la 
higher   than   mimtnuni  ftow   VA\  -^v^v^tl^   ^>f^Jgjj 
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iK>val  by  high  water.  In  any  case  where  raw  sewage 
s  discharged  into  a  stream  or  other  body  of  water,  it 
s  best  to  collect  by  sedimentation,  skimming  and 
screens  all  floating  or  heavy  substances. 

Tide  Water  Bodies. 

When  sewage  is  discharged  into  a  harbor  or  other 
tidal  body  of  water,  it  iwill  cause  a  nuisance  unless 
discharged  only  at  outgoing  tide  at  a  point  or  points 
near  enough  to  the  ocean  or  large  arm  of  it  to  insure 
;he  sewage  not  being  returned  by  favorable  wind  or  next 
incoming  tide  to  even  above  the  outlet. 

Boston  furnishes  the  best  American  example  of  such 
liisposal.  The  sewage  of  the  city  is  delivered  to  and 
held  in  large  receiving  basins  on  Moon  Island,  near 
the  mouth  of  the  harbor,  and  discharged  twice  daily 
at  ebb  tide  at  the  rate  of  nearly  400,300  gallons  per 
minute.  In  less  than  two  hours  it  is  so  irixed  with  the 
sea  water  that  it  cannot  be  distinguished. 

Much  is  yet  unknown  relative  to  the  bacteria  of  the 
sea,  but  it  is  presumed  that  they  exist  on  the  dissolved 
nitrogenous  matter. 

No  harm  has  been  traced  to  disposal  mto  tide  "water 
when  discharged  at  a  distance  from  the  beds  of  shell 
food. 

When  discharged  over  or  near  oyster  or  other  beds, 
there  is  a  positive  danger  from  typhoid  or  other  zy- 
motic disease  being  spread  by  using  them  for  food. 
Cases  of  Typhoid  have  been  directly  traced  in  Italy, 
Connecticut,  and  elsewhere  to  oysters. 

CHEMICAL  PRECIPITATION  OF  SEWAGE 

Few  places  that  have  adopted  chemical  precipitation 
are  glad  of  it . 

The  great  majority  arc  looking  for  some  way  to  uti- 
lize their  h.-vcs-tment  in  some  way  in  connection  with 
nther  and  more  economical  methods  of  disposal. 

In   practical  every-day  work,  not  laboratory  experi- 
tr^cnts.   chemical  precipitation  when   carried  on  under 
scientfic  supervision,  will  simply  separate,  in  part,  the 
kvater  from  the  sewage  itself ;  the  walex  v^v!i?»  ?>^>«^^^  ^'C'^ 
n   it,   flowing  off,   while  sewage  *\s  Ae^s<\^^  \.<3^^iOcvft? 
\rith  the  chemicals  used  at  the  bottom  oi  l^tC^^  ox  n? 
I  which  the  operation  takes  place. 
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The  lUiKv^it  or  sludge  cor  tains  90  per  cent  oruiflTt 
vvattir  and  10  i^er  cent,  or  less  of  solid  Tl'^lter.   l!  3'. 
not  promptly  removed  while  fresh,   piMrefiiction 
causing   ti  latisBnce.     A.\<iumiiig   that   thi*  s<!u;tg^- 
tains  a  rem.  vLble  am  ^unt  t  f  ni«itter  as  hi^li  ^i  "J  (Mil 
r  100,000  or  6,000  lbs.  per    mitilion    gallons  of  ieW3| 

nd  adding  to  this  the  weight  of  chemicals  necessary 
precipitate    it    and    we    have    approximately  4  mi' 

■solid  matter  per  million  gallons, 
f    Add   to  this,  assuming  ft  to  be  10  per  cent,  of 
total  aa  above  given.  9  x  4  or  36  tons  o£  water 
have  to  tons  as  the  amount  of  sludge  t«liat  must  be  coo* 
tended  with  at  average  disposal  works  per  milHott 
Ions  of  sewage  treated.     At  Worcester,  Mass.,  k  Vi 
asfes  this  amount. 

V\LUE  OF  Sludge. 

•  It  has  no  practical  value.  The  nitrogen  compound 
of  the  sewage  are  what  give  it  such  theoretical  value  iJ 
it  may  have  as  a  fertilizer.  They  will  not  average  flvs 
20O  lbs.  per  million  gallons  of  sei^vage,  therefore  about 
ten  million  gallons  of  sewage  contains  one  ton  of  ni*^ 
ter  valuable  as  a  fertilizer.  As  below  mentioned,  M 
one- third  of  the  constituent  parts  of  se^jvrajge  is  rtm^^ 

te^l  hy  chemical  precipif^tion  ;  assuming  the  same  3V«^ 
aa:e  removal  of  nitrogen  compounds,  about  30  millioc 
gallons  of  sewage  would  have  to  be  treated  to  get  ^ 
equivalent  of  a  ton  of  fertilizer  worth  say  $m  It 
would  cost  to  get  it,  let  alone  deliver  it  as  combincfJ 
with  TO  to  20  time^  its  weight  of  other  matter  iti  the  j 
shtdge  30  X  $.40  or  Si  200  or  sixty  times  what  it  t! 
worth:  adding  for  removal,  etc..  it  can  be  sard  that  it ; 
costs  in  practice  at  least  a  dollar  to  abstract  a  cent's 
worth  of  "fertilizer*'  from  se^v^age  by  chemical  prrdpt* 

■  tat  ion. 
•       AmOTTNT   not   COLr,ECTED  TN   THE    StimGE. 
The  average  results  obtained  by  mUTjicipa!  and  other 
large  plants  leaves  about  one- third  of  the  nitrogennw 
organic  matter  of  the  seiwage  and  from  5  to  over  20  jKt 
cent,  of  the  bacteria  in  the  effluent. 

U  is  obvious  that  ywK:\\  avi  effi^xewV,  S^\Qi\v^  Q^v-^'^deat 
f^'^peciaHv  when  aU\tTt  \\as*  'beein  ^i^t4.,  \%  ^^t^^to^^ 
jnav  contain  dUease    Kerm^  cit   ^  ^t\^  ^-^v^t  \q«&^ 
bich    they  thrive  and  rox^Wv^W  ^  ^c^e  ^^"t^^>«:vv?^^ 

A33^     _  ^^..^^^^ 


best  that  chemical  precipitation  has  yet  been  able 

o  is  to  so  clarify  a  sewage  that  it  can  be  discharged 

a  nonpotable  stream  ivithout  nuisance.    The  author 

had  to  several   times  investigate   this  subject  for 

licipalities  and  others  and  he  has  yet  to  find  either 

s  or  abroad  a  chemical  precipitation  plant  that  con- 

ntly  discharges  an  effluent  such  that  it  could  be  dis- 

rgcd  into  a  small  stream    and    not    cause    trouble 

3tigh  subsequent  putrefaction. 

"he  danger  between  the  raw  sewage  and  the  effluent 
■ne  of  degree  only.  In  emergency  cases  the  method 
10  be  commended  for  by  using  sufficient  chemicals 
Tiereirafter  pointed  out,  the  bacteria  can  be  killed, 
as  a  method  for  municipalities  or  institutions  to 
•pi  few  can  or  will  afford  from  $5  to  -more  than  $30 
million  gallons  of  sewage  treated  for  chemicals 
mc  or  an  average  total  cost,  for  chemicals,  labor,  in- 
2st,  etc.,  of  $40  per  million  gallons  for  clarification, 
t  is  not  sufficient  to  permit  discharge  into  potable 
-ers.  The  Worcester,  Mass.,  plant  has  been  operated 
ier  scientific  supervision  clarifying  the  sewage  from 
r  90,000  people  and  even  on  this  large  scale,  without 
'ting  a  pound,  the  cost  for  chemicals  alone  is  30 
ts  per  capita  per  annum,  while  it  is  admitted  that 
effluent  at  times  causes  a  nuisance  in  the  Black- 
le  River.  Patented  processes  adopted  at  other 
:es  have  cost,  exclusive  of  interest  account,  as  high 
§1.50  per  capita  per  annum.  Recent  experiments  at 
>rcester  have  been  made  with  other  methods;  septic 
ks,  etc.,  with  a  view  of  reducing  the  cost  for  clari- 
ition. 

Chemicai^  Used  in  Sewage  Clarification. 
LiMF  is  one  of  the  most  popular  reagents.  Calcium 
dde  (Lime)  CaO.  can  be  obtained  pure  by  igniting 
:  nitrate  or  carbonate  but  that  of  commerce,  being 
ained  by  burning  limestone  or  marble,  generally  con- 
is  other  ingredients  such  as  alumina,  magnesium 
bonate,  etc.,  in  such  an  amount  that  the  commercial 
•duct  contains  but  70  to  75  per  cent,  of  its  weight  in 
Hum  oxade;  in  other  words  about  one-fourth  the 
^t  of  lime  used  and  paid  for  increases  the  amount 
sludge  without  assisting  materially  in  the  work  of 

I  a/r  Jitne  aitracts  moisture  and  cslt^tx  ^\o^\^^  "^tv.^ 
4.17 


alone  (without  the  several  other  expenses) 
thirty-three  dollars  per  million  gallons  of 
ated.     The  results  show,  however,  that  in 

cases  linoe  thoroughly  mixed  with  sewage 

of  one  ounce  per  9  or  10  gallons  will  kill 
all  of  the  bacteria  or  disease-producing 
hen  the  amount  of  lime  was  reduced  to  an 
1625  lbs.  per  million  gallons  of  seivage  treat- 
:ient  to  combine  with  the  carbonic  add  as 
:ianed,  all  of  the  suspended  organic  matter, 
.  or  one-fifth  only  of  the  organic  matter  as 
by  the  soluble  albuminoid  ammonia,  76 
f  the  turbidity  and  97  per  cent,  of  the  bac- 
removed  at  a  cost  for  lime  of  $8.12  per  mil- 
5  with  lime  at  $10  per  ton.  Reduced  to  con- 
t  for  disinfection,  we  have  the  amount  used 
one  ounce  per  ^f)  or  40  gallons  treated. 

Iron  are  used  when  the  sewage  is  alkaline 
ination  with  lime;  the  lime  gives  the  neces- 
lity  to  the  sewage. 

ing  alum,  see  "Swamp  and  Colored  Waters" 
t  mass  is  produced   (hydrate  oxide)   and  in 

the  bottom  it  envelops  and  carries  with  it 
e  suspended  matter. 

D  Copperas, — Copperas  (ferrous  sulphate) 
ilue  when  used  alone;  Lime  must  be  added, 
ig  approximately  1200  lbs.  of  chemicals  per 
Ions  of  sewage  or  500  lbs.  of  copperas  and 

lime,  all  the  suspended  matter,  13  per  cent, 
ble  albuminoid  ammonia,  65  per  cent,  of  the 
id  86  per  cent,  of  the  bacteria  were  removed 
Dr  chemicals  of  $6.00  approximately  per  mil- 
is  of  sewage  treated,  assuming  copperas  to 
me  as  lime  per  ton,  or  $10. 
g  the  lime,  a  solution  of  phenolp'hthalein  in 

used  as  a  test:  Lime  is  added  until  a  few 
le  solution  introduced  into  the  sewage  turns 
y  red. 

Ig  the  amount  of  copperas  to  1,000  lbs.  and 
to  800  lbs.  per  million  gallons  resulted  in  a 
*  29  per  cent,  of  the  soluble  albuminoid  am- 
per  cent,  of  the  turbidity  and  98  per  cent,  of 
a  at  a  cost  for  chemicals  of  $9.00  per  million 
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r  of  the  chemical  is  lost  by  sufficient  dilution  of 
:"wage,  and  it  (the  sewage)  is  changed,  if  suffic- 
^ygen  is  present,  by  the  aid  of  aerobic  bacteria  • 
:i armless   compounds,    by    decomposition    without 

if  any  odor. 
here  is  not  sufficient  oxygen  present,  the  anaerobic 
ia  begin  the  work  of  change  by  putrefaction,  with 

disagreeable  odor, 
infection  in  transit  is  a  wise  precaution;  when  ef- 
:  it  prevents  putrefaction  within  the  sewers  and 
zymotic  germs.  Where  discharge  is  into  a  stream 
iposition  or  putrefaction  is  postponed  until  the 
re  has  become  thoroughly  mixed  with  the  waters 
e  stream,  thus  permitting  the  natural  changes  to 
lal  substances,  with  less  offence  from  an  aesthetic 
point  than   possible  without  such  treatment  and 

with  impunity  from  a  sanitary  standpoint, 
lere  a  system  of  Bacterial  oxidation  of  the  sewage 
t  in  use,  some  system  of  disinfection  OHght  to  be 

so  as  to  minimize  danger  from  zymotic  disease 
\  distributed  in  towns  on  the  stream  below. 
T  a  better  understanding  of  the  action  of  bacteria 
irification  of  water  and  sewage,  see  brief  "Water 
Supply  Notes,"  and  the  following  pages, 
nple,  yet  efficient  apparatus  is  made  for  disinfect- 
!^'age  in  transit ;  its  cost,  cosit  to  operate,  etc.,  are 
•iven  here  as  they  can  be  obtained  for  the  asking 
the  makers;  see  part  2. 

BACTERIAL  PURinCATION  OF  SEWAGE 

is  subject  embraces  two  diametrically  opposite 
ids  up  to  a  certain  point. 

the  First,  we  include  Broad  Irrigation,  Intermit- 
Filtration,  Forced  or  Positive  Aeration,  and  other 
>ds  that  depend  on  the  presence  of  much  air  and 
«c  Bacteria  (nitrifying  organisms)  a  bacteria  so 
d  because  they  will  not  live,  much  less  work, 
lit  Air. 

the  Second,  we  include  in  its  many  forms,  the 
z  Tank  ;  certain  aerobic  action  in  bacteria  or  "Con- 
Beds,  methods  that  depend  on  the  Exclusion  of 
id  the  presence  of  Anaerobic  Bacteria;  a  bacteria 
med  because  they  will  not  work,  much  less  live  in 
resence  of  much  air. 
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De-composition  and  FntrefactioTi  are 
tjs  '^erms.  though  lo  many  they  mean  \ 
thing, 

All  have  noticed  that  in  the  presence  i 
dead  vegetable  and  animal  life  will,  Wrxl 
5IVE  Odor,  decompose  or  separate  into  orj 
tnent  mtneral  and  gaseons  elements  qT] 
throijgh  oxidation  and  combining  with  ml 
forni  harmless  compounds  that  are  or  cad 
by  plant  Hfe.  All  this  wouJd  not  occur  ht{ 
bacteria.  '  1 

When  the  quantity  of  air  is  defficient  d^ 
and  animal  life  will,  with  generally  very  ol 
purrcFy,  or  it  is  changed  into  more  comj 
stable  forms,  chiefly  hydrogen  compound 
point  if  the  anaerobic  bacteria  have  cotl 
work,  in  the  presence  of  sufficient  air,  thfl 
teria  begin  theirs  and  have  much  less  wl 
chang^ing  the  unstable  compounds  into  h 
than  if  they  had  commenced  work  upoii 
Fubstancc  in   its  more  stable  condition,      | 

Upon  the  aibove  facts  depend^i  the  pnnci 
tiort  of  the   most  up-to-date  methods  of 
fication. 


■r-    **   - 


WIkv  jsMifcikm  has  taai  dtsckuBcd  for  tk  crnfi, 
^htit  f>i^  the  hrdjam  and  nrpcftt  die  fdUowinf  dar  or 
mhcn  iMcdrd,  Sueit  bjdr^xits  irr  d^ap,  c^i  Sn 
$1  eo  itTiL  A  £Dcm1  form  oi  clieap  bfidrmt  design«d  bj 
W  B.  Rider.  C.E^  is  in  pofmlar  use  in  H«dlaiMJi  ufj 
oiber  places  id  SootWria  CilifoTmia.  aod  d^evbcTE. 

In    irrigitiogr   !md.   no:   exteftsivelir  used  fas' 
dticbfc!  <3K  be  tnt  on  a  sligtit  fnde  approxtmiieli 
diTecHcni  otf  leirel  ectotoitr  Uaes  and  Iroiii  these 
W  fed :  :heT  tn  tnra  delirenng  ajij 
Main   feeders.^'     In  coki  climates  the 
be  a  foot  or  so  deep  «o  alkmr  rocn 
a  cf*«Tr.     The  dt5charfc  to  main 
I  te  Kcnlaied  bf  good  ^t^  in  bnndies  tm 
vw  1H9^  oopdaii, 

l«  winter  as  m  rule  the  discharge  per  acre  ovi%h\  «r. 
tci  be  m«r  mt-batf  as  imxi]  a.^  m  stumnen    It  will  £ 
k^tcnA  r«i  tbe  Icind  of  soil  And  methotl  oe  ip^ 
«f  ^flic  ^^-wage  and  ttmpcratuncL 

Tbt  UBiHiiTj  of  land  reqttired  will  de^tKi  oti 
qstiBtf,  Tbe  be$t  lawl  is  a  frtee  loamy  or  mo4mUlf 
saa^  me  lAjveamg  a  pofotis  sob-soil,  which  in  ttm  I 
^^exwti^  diaiMd.     \^licJi  it  is  not,  to  instire  tiniiora 

of  the  sewigt  and  aif  ^ 
#f  Ar  dkent.  rnid^rdrkining  wilS  1* 


^"tiired  will  have  to  be  increased  as  its  porosity  is 
rreased. 

Cost  for  Preparation  of  Land. 
E*his  will  depend  on  amount  of  grading  necessary, 
:  general  topography,  etc.  It  has  averaged  aibout  $250 
~  acre  exclusive  of  cost  for  land.  In  Southern  Cali- 
r~nia.  where  little  or  no  grading  or  "ditching  is  re- 
i.Ted  in  connection  with  pipe  systems,  the  cos^  has 
en  simply  the  cost  for  instalHng  it,  or  not  over  an 
erage  of  $50  to  $75  per  acre.  If  underdrains  are  nec- 
tary they  will  add  materially  to  the  cost.  In  any  in- 
duce it  can  easily  be  computed  approximately,  as  near 

any  other  engineering  work,  after  proper  surveys 
c3  study  of  local  conditions. 

Cost  to  Maintain 
\Vill  be  limited  almost  entirely  to  cost  for  attention 
properly  distributing  the  sewage.    This  will  vary  avith 
e  season  and  area  required  per   inhabitant.     Where 
^ns  are  fortunate  enough  to  be  paid  for  their  sewage 

above  mentioned,  disposal  is  not  a  source  of  expense 
It  one  of  income.  Again  many  institutions  can  best 
cp  their  inmates  from  idleness  by  using  "free  labor'* 
t  the  field.  Where  towns  have  to  pay  for  labor  one 
an  ought  to  be  able  to  look  after  40  acres,  or  plant 
•T  4,000  people,  if  he  has  sHg'ht  additional  help  in  sc- 
ire winter  or  hot  summer  season  or  say  an  annual  ex- 
inse  of  $500  for  40  acres. 

If  land  costs  $50  per  acre  or  $2,000  for  40  acres,  and 
cpease  of  preparation  is  another  $50  per  acre,  the  in- 
;.stment  per  capita  will  be  $1.00  On  this  basis  we  have 
}  the  annual  expense  per  capita  the  following. 

iterest  on  the  investment,  at  4  per  cent $0.04 

ost  for  labor,  assuming  one  man  to  look  after 
40  acres,  with  additional  help  occasionally,  or 
$500  per  year,  we  have  per  capita  per  year  for 

labor  account    o.  125 

enewals,   repairs,   etc 0.015 

Total  cost  per  capita  per  annum $0.17 

If  properly  conducted,  Broad  Irrigation  will  give  an 
fluent  free  of  disease  germs  and  all  objectionable  mat- 
;r,  fit  to  *be  discharged  into  any  potable  stream  at  a 
St  approximately  equal  to  but  one-half  the  expense 
r  chemicals  Alone,  as  used  in  chemical  ^r^^itation 
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raf  sewage.    While  Broad  Irrigation  is  the  foesi 
system  for  many  places,  it  cannot    be     adopted    as 
method  of  final  disposition  for  others  on  account  o( 
lack  of  land  of  sufficient  area. 

SEWAGE    DISPOSAL   BY   INTERMITTENT  Fll 
TRATION 

This  is  smiply  modified  Broad  Irrigation,  whertb? 
tltrongh  greater  care  in  I  he  preparation  and  selection  d 
the  soil  a  greater  quantity  of  sewage  can  be  purifie<i 
per  unit  area. 

Where  it  is  desired  to  adopt  intermittent  filtration 
and  no  area  of  moderately  level  coarse  sand  and  gravel 
or  other  qiiste  porons  material  is  available*  a  filter  bed 
can  be  constrncted,  properly  iinderdrained  and  connect- 
ed with  receiving  and  discharge  pipes  hi  a  manner 
sontewhat  similar  to  a  tiher  bed  for  water  purification. 

The  filter  in  no  wise  acts  as  a  strainer,  and  any  food 
quality  of  sand,  gravel,  cinder  or  even  fine  crushed 
stone  or  pebbles  will  answer  the  purpose*  As  iht 
coarseness  of  the  material  is  increaaenl  the  depth  should 
be  also  increased  in  proportion.  A  depth  of  from  4  tO 
6  ft.  of  material  is  generally  sufficient.  ^H 

Operation.  ^^ 

■  As  before  explained  aerobic  bacteria  in  the  presence 
of  air  are  depended  tjpon  to  perform  the  work  of  puri* 
fication.  The  organic  matter  of  the  sewage  is  decom* 
posed  through  or  by  them  and  either  passes  off  in  tht 
effluent  tn  the  form  of  mineral  salts  in  solution  or  to  the 
atmosphere  in  the  form  of  gai^eons  carbon.  The  result 
is  that  where  sand  from  streets,  or  other  inorganic 
matter  is  not  carried  by  the  sewage,  that  the  body  o^f 
the  filter  bed  or  other  prepared  area  wiJl  after  years  of 
use  be  free  from  foreign  matter.  Where  there  is  much 
matter  \n  suspension  in  the  sewage  (visible  to  the  ht^ 
man  eye)  it  tends  to  clog  the  top  portion  of  the  bed  or 
other  area ;  it  can  be  ^'turned  under"  by  ploug^hing  Of 
otherwise  after  which  it  will  be  consumed  as  above 
mentioned  or  it  can  be  raked  off  the  bed  after  ii  hai 
dried.  A  new  filter  bed  or  other  area  will  not  do  cme- 
fourth  the  work,  when  measured  by  the  degfree  of  puri- 
fication effected,  that  it  will  after  the  aerobic  bactetii 
kh^ve  m  111  tt plied  wtthm  iVlc.  ^e.4.,  \v  \^  Xs^^i  ij\etefafr 
to  have  a  bed  o\il  oi  ^^^  ^^^  to^tl^  ^-a.^^  ^\ 
4^ 


ind  it  is  better  to  operate  them  in  winter  than  to  let  them 
remain  idle;  otherwise,  having  no  food  upon  which 
they  can  thrive,  the  aerobic  bacteria  cannot  live,  and 
tfie  filter  must  be  again  adjusted  to  working  condi- 
tions. 

Method  of  Application. 

Sewage  should  be  applied  intermittently  to  the  bed  at 
a  rate  slow  enough  to  insure  proper  association  of  or- 
ganic matter,  air  and  aerobic  bacteria  until  the  bed  is 
well  covered;  the  sewage  shouM  then  bt  diverted  to 
another  bed.  and  the  sewage  in  the  first  bed  allowed  to 
slowly  drain  to  the  underdrains  and  thence  to  the  out- 
let ;  after  air  has  had  the  chance  to  circulate  in  bed  No. 
I  for  at  least  a  few  hours,  a  day  or  so  is  better,  it  can 
again  he  used.  Likewise  with  No.  2  or  any  other  num- 
ber of  beds. 

Operation  in  Winter. 

Tn  winter  when  climate  is  not  too  severe  the  beds 
can  he  operated  but  generally  at  a  slower  rate  in  gal- 
lons per  acre  of  bed  per  day  on  account  of  reduced  ac- 
tivity of  the  aerobic  bacteria. 

When  frost  penetrates  to  a  depth  of  a  foot  or  more, 
it  is  best  to  arrange  the  surface  of  the  beds  with  paral- 
lel trenches  a  few  feet  apart  that  can  be  covered  by 
planking;  the  sewage  will  penetrate  from  the  trenches 
to  all  parts  of  the  bed  up  to  the  frost  line,  and  often 
"mell"  much  of  the  frozen  earth. 

Quantity  Purified. 

The  quantity  purified  per  acre  per  day  will  vary  with 
the  material,  efficiency  of  under-draining,  quality  of  the 
sewage,  etc. 

An  average  well  prepared  bed  or  natural  area,  well 
under-drained  will  take  care  of  from  less  than  60,000  to 
more  than  too,ooo  gallons  per  day,  giving  an  effluent 
practically  free  of  bacteria  and  with  95  to  99  per  cent, 
of  the  organic  matter  of  the  sewage  removed,  while  the 
discharge  or  effluent  will  be  colorless,  clear  and  free  of 
sediment. 

Often  the  amount  per  acre  per  day  can  be  as  high  as 
200.000  gallons  and  the  effluent  suffvdeiv\\v  ^vvx^  \si  ^rx- 
mh  o£  its   discharge   into   streattYS  -wKX-VvovaX-  ^•ax>%^'^   ^ 
subsequent  putrefaction  or  decomyos\Uo\A. 
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Cost  ho  ConmmvcT 
Will  lepend  ^  much  on  focal  condtttons  ihat  nl 
laied  data  would  be  of  value.  Where  there  is  saS 
area  of  land  of  suitable  soil  and  expense  of  pi 
tion  15  limited  to  cost  for  ander-drains.  conduitfy 
connection i»  and  grading,  the  cost  per  acre  of  bed 
I  in  many  iq?: lances  exceed  $2,000. 
If  the  entire  bed  has  to  be  made  from  "carted"  mate- 
laL  1650  ciL  yds.  one  fi30!  deep  or  6500  en*  yds.  fwi 
filter  bed  four  feet  deep,  per  acre,  must  be  paid  for, 
The  co^st  ts  simply  a  matter  that  must  be  decided  local- 
ly.  In  a  general  way  it  can  be  said  th'it  the  cost  for 
the  delivery  of  an  effluent  pure  enough  to  drink  wiA 
impunity  can  be  obtained  by  Intermittent  FrltratioTi  for 
one- half  the  cost  (every  item  of  cjq>ense  considered) 
that  would  ha%^e  to  be  expended  for  chetnical  precipita- 
tion that  at  best  could  not  deliver  an  effluent  fit  to  be 
compiired  with  it.  Intennittent  filtratton  delivery  an 
effluent  when  plant  h  properly  operated  that  can  jtJi% 
be  called  w\TEa  while  a  dicmical  precipitation 
cannot  deliver  better  than  a  cl.a rifted  Sewagr. 
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SEWAGE  DISPOSAL  BY  BACTERIAL  OXIDATtON 

»AS  ASSISTED  BY  FORCED  OR  POSITIVl 
AERATION. 

In  principle  the  intention  is  to  supply  the  aerobic  bac- 
teria (nitrifying  organisms)  with  more  oxygen  than  ii 
delivered  to  them  under  normal  conditions  existing  in  i 
Filter  bed.  They  do  not  care  how  they  get  the  air. 
whether  k  is  from  an  air  pump,  blower,  by  direct  cur- 
rent nr  circiilation  of  the  atmosphere;  th^  more  air  de- 
livered to  them  (within  limit?.)  the  more  active  thfj 
win  be:  the  more  work  performed  by  them  and  thf 
more  aerol>ic  bacteria  there  will  be  to  perform  the  worit 
in  a  unit  area  or  more  correotly  unit  volume  of  the  filter 

In  1804,  Col.  Geo.  E.  Waring,  Jr.,  constructed  an  eic- 
pcrimental  plant  at  Providence.  R.  L,  invotv^ed  FofiCH* 
Aeration :  subsequently  others  have  done  tfie  same  ao^ 
patents  have  been  granted  for  certain  details. 

Circular  information,  mcntiorang  patents,  has  ^ 
frightened  tnnny.  thait  they  have  refrained  from  nsinf 
iur  *  which  ought  to  "he  iret^  \^  ^UTX^^at^^Maia 

^^.i  answer   to   irectxient   CGire\Tt\MtCvca.ucm!^     t^^^ 
thiB  niatter.    the   avithor  cai\  ^^rcv^V^   ^ta^t,  <a& 
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Pitgc  347,  paragraph  2;  and  refer  to  Fig.  43,  page  349 
which  shows  a  filtering  medium  using  forced  aeration 
d^^Jgned  and  constructed  under  his  supervision  in  1892. 
He  certainly  will  see  to  it  that  the  several  plants  con- 
structed by  him  using  forced  aeration  since  1889  are 
no:  stopped  by  threatening  letters,  etc.,  relative  to  pat- 
«^ats.  In  1889  he  began  his  work  and  experiments  in 
this  direct-on  with  sewage. 

In  connection  with  his  upward  filtration  experiments, 
they  have  been  almost  continuously  carried  on,  along 
'ines  that  depended  on  forced  aeration  of  the  "filtering 
medium  and  separation  by  centrifugal  force  of  sand  and 
ether  ^eavy  matter. 

His  results  have  in  a  measure  been  a  disappointment 
;n  that  he  has  not  yet  been  able  to  purify  sewage  by 
forced  aeration  and  filtration  for  as  small  an  expense 
as  by  intermittent  filtration,  where  every  item  of  ex- 
pense is  considered.  He  has  therefore  not  advised  its 
ndoption,  though  the  degree  of  purification  effected  is 
fnlly  equal  to  that  obtained  by  Broad  Irrigation,  In- 
4.*'rmittent  Filtration  or  any  other  nearly  perfect  meth- 
O'l  depending  on  bacterial  oxidation. 

■^A'here  available  area  is  limited  to  sq.  rods  instead  of 
acres,  it  is  the  only  metihod  that  can  be  adopted  that 
wiM  deliver  an  effluent  fit  to  drink.  In  cases  where 
suitable  material  for  intermittent  Filtration  Beds  is  ex- 
pensive. Forced  Aeration  may  be  less  costly,  but  in 
any  case  it  is  cheaper  than  Chemical  precipitation;  re- 
quires little,  if  any,  greater  room  and  above  all  is  effic- 
ient beyond  comparison. 

SEPTIC   TANKS 

A  septic  tank,  as  its  name  implies,  is  one  which  tends 
to  produce  putrefaction.  As  some  one  has  expressed  it 
*'It  is  simply  a  well  regulated  cesspool." 

As  mentioned  at  the  beginning  of  this  subject  of  Bac- 
terial Purification  of  sewage,  in  order  that  putrefaction 

■  can  occur,  air  or  oxygen  must  either  be  absent,  or  pres- 
ent in  such  small  amount  that  aerobic  bacteria  (nitrify- 
ing organisms)  are  not  able  to  live  and  work.     When 

"    this  is  the  case  anaerobic  bacteria  'V\\\  \i^  v'^^^^tvN.  -asA 
ptttrefactive  changes  will  take  place;  AlVv^  ?»o\\^  o\  ^>^'5> 

pended  org-dnic  matter  in  the  sewage  vj\\\  \ve  Ocv?ocvsi»^^ 
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called  liquefying  bacteria  and  the  change  from  a  loUl 
to  liquid  state,  Hydrolysis. 

it  was  some  years  ago  thought  necessary  to  hare  ^ 
tank  "air  tight*'  in  order  that  putrcf active  chaiifci 
could  occur ;  why  so,  it  is  hard  to  tell,  for  a  look  into 
any  ordinary  cesspcKj]  would  have  convinced  the  roost 
obstinate  that  such  was  not  the  case. 

More  recent  practice  has  demonstrated  that  sidi 
changes  will  take  place  in  almost  any  tank^  if  not  too 
milch  exposed  to  the  action  of  the  wind  and  the  ratio  of 
its  area  in  it],  ft.  to  its  depth  in  feet  is  not  much  great- 
er than  150  to  L  In  such  a  tank  a  flocculent  mass  an 
inch  or  more  in  thickness  often  aocumulates  on  tike 
surface  of  the  liquid.  When  the  sewage  is  not  m^ 
heated  by  the  sun  while  in  the  tank  and  remains  pnc* 

^^^tically  quiet,  there  is  little  tendency  for  the  atmospheft 

^^■d  mix  with  the  sewage  under  the  ooating. 

^™^    With  the  matter  in  suspension  in  the  original 

I  age  changed  to  liquid  state  or  into  solotion,  it  is  best  to 
remove  the  effluent  prior  to  further  and  more  complci 
changes,  that  would  retard  rafther  than  hasten  final 
purification,  by  aerobic  bacteria. 

The  object  of  a  Septic  Tank  therefore  is  simply  to 
change  the  organic  matter  in  suspension  to  a  liquid  state, 
in  order  that  it  can  be  more  rapddly  de- composed  tff 
aerobic  bacteria.  Proper  operation  of  a  septic  tank  re- 
duces  the  amourrt  of  suspended  matter  in  the  sewagt 
fully  40  per  cent.;  it  does  not  remove  it,  but  change! «* 
to  a  liquid  form;  hence  the  effluent  from  a  septic  taok 
IS  more  impure  than  the  original  liquid  portion  of  tbt 
sewage :  but  it  being  more  free  of  suspended  matter,  it 
tends  to  dog  the  surface  of  any  filtering  me4iiifli 
ifirousrh  which  it  may  be  subsequently  passed  mnch  lai 

I  rapidly  than  raw  sewage.  This  advantage  is  a  matenil 
one  and  when  added  to  that  of  having  the  efiluent  ii 
condition  for  immediate  attack  hy  the  aerobic  bactem 

I  it  results  in  practice  in  being  able  to  purify  the  efflfli* 
at  a  much  more  rapid  rate  per  unit  nrea  ol  fi1lerii< 

I  medium,  by  any  one  of  the  methods  depending  on  ^(^9- 
hie  bacteria. 

In  practice,  it  ts  besl  to  4\?ie\vaT^t  »6&t  ^^:«>%itV^^W 
ik  at  a   tmnl  \ittdeT  l*ie  ^xHte^  ^laa^  ^^«xi^$% 


tduction;  also  it  is  best  to  take  the  discharge  from 
the  centre  so  as  to  not  break  tiie  top  or  flocculent 
»eal  by  whirlpool  or  to  carry  •with  it  such  deposit  as 
be  on  the  bottom.  This  bottom  deposit,  H  care  is 
m  to  separate  sand,  gfrit,  etc,  before  entrance  of 
sewage  will  not  amount  to  much.  An  arrangement 
leptic  tanks  in  duplicate  is  best ;  but  one  can  be  used, 
he  constant  or  nearly  constant  velocity  of  entrance 
I  discharge  is  not  enough  to  appreciably  form  a  cur- 
t,  great  enough  to  interfere  with  anaerobic  action. 

FAGE   DISPOSAL  BY  BACTERIAL  OR   **CON- 

TACT''  BEDS* 
bacterial  Beds  are  simply  filters  made  of  coarse  ma- 
al  such  as  broken  stone,  clinkers,  coke,  etc  The 
th  of  medium  used  varies  from  3  to  15  ft.  but  in 
:tice  3  to  6  ft.  is  found  ample  and  best,  everything 
sidered.  Sttch  Beds  are  tiie  outcome  of  English 
Is  in  contending  with  the  problem  of  sewage  purl- 
tion.  Municipalities  that  could  afford  the  expense 
chemical  precipitation  were  confronted  with  subse- 
nt  putrefactive  changes  in  the  eflftuent  after  its  dis- 
rge  into  streams;  others  that  desired  to  have  the 
e  perfect  method  of  intermittent  filtration  could  not 
pt  it  because  of  lack  of  room  in  some  cases  and 
:  of  suitable  material  in  others  for  the  beds.  To 
J.  Bibdin,  the  well  known  chemist,  is  entitled  most, 
lot  all,  the  cred»it  for  this  method  of  purification, 
ton,  England,  was  the  first  place  to  use  such  beds. 

Operation. 
he  sewage  should  preferably  have  septic  treatment 
)re  its  discharge  into  the  beds,  for  reasons  before 
(tioned. 

he  sewage  is  allowed  to  "run  in"  until  the  bed  is 
t  covered  and  allowed  to  remain  for  from  two  to 
•  hours,  depending  on  the  amount  of  work  perform- 
)y  the  anaerobic  bacteria  in  the  septic  tank;  if  work 
septic  tank  is  well  done,  further  hydrolysis  within 
bed  is  unnecessary,  and  the  time  can  be  shortened, 
he  Bed  is  then  drained  and  allowed  to  thoroughly 
ite,  when  it  is  again  ready  for  use.  When  the  sew- 
used  in  the  beds  is  as  above  stated,  thoroughly 
ted  in. the  septic  tank,  the  bed  can  be  filled  and 
^iied  three  to  four  times  per  day,  s\it  d^i^^  ^^t  ^^€^, 
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s  the  average  rate  of  flow  per  sq.  ft  of  area  pro- 

1  in  a  SiNGUE  G)ntact  Plant  to  33.6  U.  S.  gallons 
sq.  ft.  per  day  or  to  1^3,616  gallons  or  say  ap- 
imately  1.4  millions  U.  S.  gallons  per  acre  per  day. 
other  "contacts"  (passing  through  other  beds  in 
ion)  we  have  the  following  table. 

Table  No*  222 
k  Relative  to  Capacity  and  EpFiaENcv  of  Bac- 
terial OR  Contact  Beds. 
)  of  Net  Capacity  in  U.  S.      Removal  of  Or- 

acts  or  Gallons  per  day  ganic  matter 

Beds.  Per  sq.  ft.        Per  acre  in  per  cent. 

of  Beds  Constructed. 
[  33.6  1,400,000  50. 

2  16.8  700,009  75. 

I  8.4  350,000  87.5 

\  4.2  175,000  9375 

;  2.1  87,500  96.875 

ithout  extending  the  above  table  it  shows  the  fol- 
ig  facts. 

That  a  single  bacterial  bdd  will  for  a  merely 
nal  sum,  Cthe  interest  on  the  investment  plus  cost 
light  attention)  clarify  a  sewage  (septic  sewage)  as 
ency  as  is  possible  at  great  expense  by  chemical 
pitation. 

i.  That  the  rate  of  flow  when  so  clarifying  can 
)ach  that  used  in  purification  of  drinking  water  and 
when  averaged  among  active  and  idle  beds  the 
is  not  far  from  one-half  the  rate  used  in  water 
ication. 

I.  That  as  the  number  of  contacts  or  times  the  ef- 
t  is  passed  through  separate  beds  is  increased,  the 
of  plant  and  degree  of  purification  are  also  in- 
«d. 

u  That  when  the  number  of  contacts  is  sufficient 
sure  a  degree  of  purification  equal  tc  that  obtain- 
by  intermittent  filtration,  the  area  of  beds  must  be 
ast  equal  to  'the  area  used  in  Intermittent  filtra- 

i.  That  when  the  area  is  thus  increased,  the  capi- 
id  cost  is  much  greaiter  than  that  of  an  intermittent 
tion  plant,  while  the  efficiency  of  purification  "day 
id  day  out"  cannot  be  so  oonf\dent\y  ttWt^  oxv  •a.'*. 
intermittent  filtration  is  used. 
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plant  is  limited. 

8th.  That  when  the  degree  of  purity  < 
increased  to  a  Drinking  Water  Standard 
available  for  purification  plant  is  small,  the 
not  be  used. 

9th.    That  when  ar^  available  for  plant 
the  degfree  of  purity  of  effluent  fixed  at 
Water  Standard,  exclusive  of  distillation 
Positive  Aeration  to  supply  the  requisite  o: 
aerobic  bacteria  is  the  only  method   that 
^Ul  cessfully  adopted.     That  under  any  condi 

maximum  degree  of  purification  for  minim 
final  step  in  sewage  purification  should  dc 
work  of  aerobic  bacteria  (nitrifying  organ 
volved  in  some  adaptable  method  of  pn 
Biological  or  Bactena.1  oxidation. 

AIR  COMPRESSORS 

For  weight  of  free  air  see  page  243. 

For  change  in  weight  per  unit  volume  w] 
perature  is  increased,  see  '^Heating  Roomi 
ings." 

From  Mariottes  law  we  have,  "The  d« 
and  the  same  quantity  of  air  is  proportions 


e  efifkicncy  of  air  compressors  is  greatest  at  sea 
and  decreases  about  1.5  per  cent,  for  each  500  ft. 
evation  or  more  accurately  as  given  below. 

Table  No.  223 
ciENcy  OF  Air  Compressors  at    Various    Eleva- 
tions Above  Sea  Level. 


ration  in  ft. 

Barometer  in 

Efficiency  of 

Inches. 

Compressor 

(mercury) 

In  Per  Cent. 

level 

30.00 

160 

500 

29.42 

98.4 

1000 

28.85 

96.9 

1500 

28.34 

95.5 

2000 

27.78 

94. 

3000 

26.74 

91. 

4000 

25.7 

88.1 

5000 

24.73 

85.9 

fiooo 

23.83 

82.8 

7000 

22.93 

80.2 

8000 

22.04 

77.5 

9000 

21.22 

75.1 

lOOOO 

20.43 

727 

iring  compression  air  rises  above  the  normal.  Dur- 

txpansion  it 

drops  below  the  normal  the  amount  it 

above  in  compression. 

Table  No.  224 

rDS     Compression  and  Corresponding    Tempera- 

ture 

From  Initial  Temperature 

OP 

deg.  Fahr. 

00  deg.  Fahr. 

Tempera- 

Pounds Compression 

Final  Tempera- 

ture. 

Advancing  by 
One  Atmosphere. 

ture. 

60 

0 

90 

177 

15 

212 

255 

30 

294 

319 

45 

362 

369 

60 

417 

4t6 

75 

465 

455 

90 

507 

490 

105 

545 

524 

120 

«^ 

455 


457 


Table  No.  229 
iNGTH  OF  Main  and  Hip  Raftebs,  Trusses,  etc. 
(W.  B.  Rider,  C.E.) 
Main  Rafters. 
in  inches  per  Corresponding  length  of 

xyt  of  base.  Main  Rafter  in  inches. 


I 

12.0156 

2 

12.168 

3 

12.384 

4 

12.696 

5 

1300 

6 

13.392 

7 

13.896 

8 

14.491 

9 

15-00 

TO 

15.62 

II 

16.278 

12 

16.9705 

15 

19.209 

i8 

21.656 

21 

24.186 

<?4 

26.832 

27 

29.546 

30 

33.215 

33 

35.114 

3^        . 

38.00 

42 

43.68 

45 

46.572 

48 

49.473 

KBSPONDING 

Data  for 

Hip  or   Vallky    RaktersJ 

I 

16.992 

2 

17.081 

3 

17.221 

4 

17.429 

5 

17.648 

6 

17.99 

7 

18.442 

8 

■^J^.775 

9 

19.046 

10 

T9.681 

II 

2';.2i8 

12 

20.778 

le  hit)  or  valley  raster  lengths  given  are  for  each 
of  base  of  «the    main     rafter.     The    ma\tv    r^f^ct 

ths  are  for  each  'oot  of  base  olL  or  co\cTe^\s^  ^ 
rafter.     The  table  vnW  also  be  iownd  cor^er^'? 

9S  work.  enil)a^.kments,  etc. 
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The  numbers  without  the  letter  T  immediately  pre- 
iig,  refer  to  page  ntmibers.  Those  with  T  immedi- 
y  preceding  refer  to  Table  numbers.  Such  minor 
ids  as  "and  "  "on,"  "in,"  "between,"  etc.,  are  at  times 
tied  for  typographical  reasons.  Such  common  abrevi> 
uns  as  diam.  for  diameter,  rad.  for  radius,  cir.  for  circle,. 
,  are  used.  Also  at  certain  places  where  their  use 
mot  be  well  misunderstood,  W.  for  water,  W.  W.  for 
ter  works,  S  for  sewers,  SD.  for  sewage  disposal,  F  & 
for  filtration  and  aeration,  F.  for  filter,  F-B  for  filter 
b.  P.  for  pressure,  Vel.   for  velocity  and  others  are 


•e-foot,  value  of,  24. 
int.   in   Jicbes   rainfall, 

in. 

ation,  see  also  F.  &  a. 

Ith  upward  flltiwition, 

►«-361. 

2^ed,  BBwa^     purlfcation, 

5er  Alter  beds,  let.  use, 
7. 

Nantucket,  Mass.,  347. 
tents,  862. 

Cautions  in  design,  357. 
^t  on  sewage,  433. 
ter  suppilles,  356. 
ftet  \m  algae,  growtlis,  356. 
^ct  on  disease  germs,  356. 
J      purification,      streams, 
8. 
^,  338. 

**itents  of,  space  occupied 
»  volume  of,  weigiht  of, 
C,  243. 

tree,  not  patentable,   448. 
wildings,   heating  of,   400. 
^pressed,    table      temp's. 
2^24. 

*ect,  excess,  in  combustion, 
44. 

pJie,  effect  <m  life,  410. 
Tect,     nitrifying     bacteria, 

ect,  potable  water,   356. 
nnaion  when  heated,  400. 


direction  flow,  water,  359. 

sand  agitation,  1st  use,  347. 

heat  to  raise  temp,  of,  400, 

T207. 

in  pump  cliamljers,  313. 

Mnrlotte's   law,     action     of, 

454. 

amt.    required   to   burn    fuel, 

245. 

amt.     required     to     support 
combustion,     T147,       pages 

244,   245. 

amt.     required     by    persons, 

horses,  etc..  for  breathing,  In 

comfort.   402. 

chambers,  suction  pipes,  313. 

compressors,  454-457. 

leaks,  in  boiler  settings,  297. 
pumps.    308.      cost    to    run, 
310. 
Aleae  growths,   see  also  vege- 
table, 
in    artesian    waters,    321. 

do  not   thrive  in  darlc,   cov- 
ered reservoirs,  food  supply, 

etc.,   321. 
in  stored  waters,  340. 

effect  aeration  on.  356. 
Algebraical   signs,    5,   6. 
Alum,     see     sulphaite       alum- 
ina. 

action  of,  filtration,  357. 

historical,      'W     ^MT\^e«.v.vwvv 

347. 

use  ot  by     3o\m.    VA^et    Va 

184ft,  aft\.  .^. 

use    ot    \Ti   ^    p\iT\^C«LV\OTL,  -^^^ 

440. 
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Amphcre,   value  of,  24^. 
Aniily»l!i  of 

coals,  T148. 

fapf?P8    ft.nd    urine,   T211, 

ni*wji]fcri'.    rorvi^ni    cities,    how 

expresaed,  4<HK 

wwa-ge   of    Lawrc&ioe.   MasB.» 

407. 

so  IK   reservoir  bottoma,   ^41* 

wiiter.       eonTeralon        ttU3J& 

water  before  oDd  aft€^r  fllti^- 
tlyrj    at     Nautuckett     Mass., 

water,  purified,  Norfolk*  Va,, 
35S. 
Annitmr  or  circular  meamife, 

Anln*nl  trrowtha  In  water,  S43. 

at  Najitucket.  a4K-a51. 

at   Bethel,   Ct,   S50-a53. 

elFf^ct   a^raiLon  an,    S5Q. 
ApiiIachl<!ola,    Flft.,   Hre.   362. 
Apf]4"hereairiefl    m^anur^.    T37, 
Afmtli^'arles  welphta,  T3. 
Apparatiiffp   dljsinfectloti.    44L 
Art:,  cLrfle.  lengtU  of,  T49, 
Apea+   rlrcles,  -se?  clrc-les. 
Area,    clrf^ular,    equivalent   lr< 

refill  a  r^    and    equIvfl-leBt   ctr- 

f'uLfljr  of  Irre^lttf,  68. 
Area 

cast   Iroai   pipes,   TiaO-131, 
Arid   lands,   ir  riff  at  Ion  of.  320. 
ArSthmutlcal  complftm^nt,  49, 
Arlthmeitlcal    signs    5.    6. 
Artaslaii  wells,  see  a? so  wells. 

nitrates   In,   algae   In,   321. 

supply  to.  etc?..  322. 
Ash.  In  various  ^^f^sls.  T14S. 
Aap-haJt,   weight  of.  Tlog. 

pavftm^mte.   174-176, 

l)lo<^k.  how  made,  174, 

ioint,  pipe  and  masonry,  301* 
Atmosphen*.      ra^^iin     pressure 

of,   300. 

atmofiphere,       mereary     and 

water  columns  su^ained  by, 

300. 

atmoffplierft.  pressure  of,  241. 
Avoirdupois  weight,  11-1  a. 


B 


Hack-filling, 
tretich,    42a, 


rock. 


Bacteria 
aerobic,   work   of,   441-442. 
tntermrttent  filtration,  440-T, 
food   net^f^wsary,    447, 

klHi^d  by  Ilme^   43ti. 

klled    by    lime    &     coperas,  , 

klUe<}  jy  ferric  sult^hate.  \VA. ' 
k tiled   by   alumln^im.   4AVK 

'n  eJHuemt,  dh<;m.Vcal  preeV'pv 

tstion,  436  7, 

OJtrlfyln^,   work  of,   4^4.  ■. 

f^e  m  o  vf^    hy.  ft  It  r  ati  on,     ^^^    \ 

pat' te rial -t>eas,    451.         ^..-^^ 


EZes  of,  441,  441^ 
actATlal       purlUei 

441-454, 
Barometer,  mertjunr, 

elev.  eorrt^iiciad'ili^ 

vacuum,  temp,  etc.^r 

TI90. 

Incbes  water*  T18(S. 

effect »    air   volunK. 
eff^<'t  on  weight.  Iv 
Barrel 

cu.  ft..   In.,  ydi..  \XL 

V.  S.  gallons  in.  % 

dry  m*?asiire,  fldtir 

Rartuw,   Fla-,  roada  : 

Re^amis.      floor, 

T228. 
B^a,    "contact/*   45" 
Belgian  block,  i 

specifications,  ivbot 

cost  erf,  T112. 

So,  Nopwalk,  CX,.  ] 

176. 
Bell-hol^,   pipe     \im 

131, 
Bethel,   Ct.,   Alter  pi 

351-2. 

water  supply,  veg! 
ter   In   effect »  hit 

344. 
Bidders,    mncaduni 

struct ions  to,  JB^J, 
li'aekmer  &   Post, 

T21S. 
BoflTdi,    undi^r 

424. 

Boat3,    fire,    see  liTc 
Boilers,  stie&m.  2ltB, 

blowing  off.  5f»B. 

capacity   of,   bow 

21^5,  282,  statemefiC 

to,  240. 

economy   of.  how 

282. 

evaporation  of   'M 

evapop-atjlno;   testis 

grate  surfaeo  of,  ' 

hfsstlng  Rurfufe.  *M 

T175. 

horse   power   of. 

287, 

hora^  poweir,  Bt«*£il 

406,  , 

number,    pnipyr  tlP 

tlon.   364, 

pr¥!aHiipe    cajri^led 

295. 

surety  of.  2U4. 

safe  pressure,  to  fi 

safe  preaaore  "toith 

leaks,  wt-^am.  effect, 

working  ^treln,  to 

P  In  tea,  thloknesa  o)^ 

tensile  strength,  ril 

Witting,  leaks  air  [ 

tp*i\   ^«XtT,     I 


h    J^^^      ' 


rfww  iiiil*.  T14M^ 
firt«Jtt49l  I 

tkiii4i,        ^ifflflVtiill 

m^^*  ^y9,  Ttil. 
*4(«r  thnb  Kitti,  TlV 


tHm    1^ 

iMti^    tht^ktU   ttf,  till. 
'   -        "  11* 

I'M 

u,     riitiriif>   <n,    Iff. 


.11^.  Til 

1'^    ■      '  

ti... 


^  1»^-.     fli, 

fc,  N,   V.  I 

W  Hit  or,   Mnjfif,     in*-  ! 
M 


CJi 


hook        Q>ty 


r 

r.  eu.  a.  J  r*j     yflK,^  III, 

U 
t.  ITU 

'    iTielj,    24  ;    l*»*<lliOt!oli 
THH1;     i1l*eh»irir»     It), 
Tim. 
Vftlm-  of.  24 1,  T14{5. 

pfpm   •«   plnog,   t,tf. 


TIF.  I 

r4tJ 


•  .       ■■  •   ^1.     _ 

nvifij,  firifv#ir:.[',  m.  Til.  Tlfl. 


rjijjJfi.    tLuk'    lii*  iTJ, 


r*jrtw»,     fuir 


^^   ^1 


t  .'j^t'Of ; I'n  I   Ji^n ji  m I  ri» It f  I f in. 

«nl.  4M7  41 
nirrt    ?*<\*«Ul    t>f,   Ttim 
ffi^sfiiii,  Tty 

clfiijsir,       Ms*^,        tlilfknn 

Tin. 

cool  4mrr,  4^ti"     ".iVJl. 


\m 


I 


n  147 
1   irf,    ri*Ct 

■  ■irrv-.    1^l*lt 


ru'. 


I  -Ttl. 


1*1  (il  m-Jwufp   Ttii     ■ 
«4|ilfflU>i]<M      tit. 


,  ft  1^/  i     :,tl     -•  ■ 


i 


ftir,    im  ;  ' 


ri*t/tf.   yf^ 


"fc- >f,    rino. 

gtl*  of.  Tinx. 

U  Ifvnj^th  of.  TKHJ. 

m    iLnsr.    l^iJ  ;   «)».   of, 

fchPmi))H4«    for,    Tl<^a: 

T1*M 

«p  far.  TlOfi 

«,  for  t  ft.,  im. 
U  on  Piirvflji,   tST 

<MV.   rttttwtiys.  tHH. 


7^. 

-SOS, 


mi 


rr^rr   wmJJA  !    riim*itr!TrHiwi.   dl 
trirtisloriH.     tWirt,    fro*t      on*  , 
frnjrn!nttr*nM   /or,    i4H3,  ] 

ilniTi,   Mf*.,   XSM  r*.  ] 

d "  Ti(fi* n *nn .    til uti f fcg^ f »*i      (m,  J 

mn'  •■■  ■         ■    ■■  Mkmwit* 

fOlMM. 

»iiTh-;.,ir      rn-moral,     4ir<iiHniJ 
f  t  V  n  r,       ftH  f it) »  n      ftii^w^Ptn jf , ! 

Miii<a,  fisftMUir  wfn«if   l!i<«TtJ 


to* 


!^";ifv>7. 


•"i     •■•.V  V 
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Icator,  303. 
chase  of,  805- 

;-off,"  304. 
for  given  h. 

.    stroke,    lap, 

let,  305. 

"   on     piston, 

pumping    en- 

of,     315-317, 

example,  303. 

rfd,  337. 

■  J.,  roads  of. 


t.  of,  318. 
319 ;     grass, 
d.  318 ;  reser- 
18 ;  river  bot- 

96. 

245. 

ooals,  T148. 

1,  at  212  deg.. 


•  water.    340. 
fical,    Nantuc- 


'ugal     pumps, 

utlo  .B.   390. 
149. 
%131,  T139. 
and    amt.    of, 

cost,     etc., 

T211. 
heating,     40G. 

heat,     effect 


Feed  water,  298. 

amt.   for  boners,  T169,  282. 

amt.   for   pumping   engines, 

T179. 

saving  by  heating,  T170. 

Fernic  sulphate,  440. 

Ferrous  sulphate     (copperas), 
489. 

Fertilizer,   from  sewage,   amt. 
of.  cost  to     produce,    value, 
436. 
Fencing,  roads,  164. 
Filters,   347-362. 
Bethel,   351-353. 
household,  stone,  rate  flow, 
324. 

Nautuclcet,  plan  of,  349. 
Filter-beds 
construc'tioo,     materials     in, 
353-5. 

construction  details.  358-4. 
cost  of.  ordinary  conditions, 
various     conditions,     places, 
355. 

sand  from  hard  pan  for,  355. 
rates  flow,  all  classes  water, 
.S55. 

for  sewage,   446-454. 
Filtration  &  aeration,  o47-362. 
Bethel.   Ct.,    8»i.-858,     letter 
from  W.  commlflsiomers.  giv- 
ing cost,  operate,  etc.,  851. 
Lawrence,  351. 
Nantucket,    Mass.,   plan,   an- 
alyses, costs,  etc.,  348-351. 
Phi  la-,    author's    report     at, 
254.  357. 
mechanical,  357-358. 

cost  and  results  at  Norfolk, 

Va..   358. 

historical.   347. 

pressure  type,  other  types, 

.'557. 

agitation  bed  by  air,  357. 
upward,   358.   361. 

author's  experiments,  359, 

360. 
Fire  at 

Apalachlcola.  I"la.    362. 
Jacksonville.    F!a..   362. 
Fires,  temp,     burlni?  material, 
362 :       corresponding     color, 
T198. 


"^^rin^Ie'   '^n«     Fireman,  water  works  from  his 


ratios.    306, 

hor's. 

avity.    419-22, 

lines,   194. 

pipe      lines, 

'or  in  rock  ex- 


teua^e.   T211. 
-s.    241-2. 
(\K..      table, 


standpoint.  362-374. 

V\re  boats.  370. 
size   madns     supplied,     data, 
relative  to   mains,   hydrants, 
relief  valves,    signals,    freez- 
ing, salt  water,  etc.,  370-1. 

Fire  brick,  fusing  point.  T198. 

Fire  dep'ts.   popular,   334. 
horses,      street       sprinkling, 
189. 

T'ire  protection 
efficiency,     various    systems. 
36S. 

dl-8tr\bwt\oiii^  loT,  *i<5iKi. 
proper  8\ift  lacLVaa,  "i'^k^. 
efte<?t   sVie   meAx^'a  oTk.    \ft«^ 
ance  rate,  ^'i^. 


H7n. 


for     Tuaxlmum     dl*^ 
In    i?oii<i«ltfl.     1*214, 


m 


efff^ct  tetDp.  fire  on,  Bl^Si, 
c^ftect  nn  etant]  pipe  pre«aaret 

eWect  ilmnefttDg.   Htit^. 
dlBtharg^  of.  Tiiui. 
best  pressure,   371. 
bow  td  distribute.  :if$U. 
effect  slie  HDKSlee,  372. 
t^ir^t      to(}     great      presHuret 

height,  av^age  of.  HTl. 

lOBB  hi.^d   M  mains   by, 

H \xant\ty   w ate r   ntXHl tnl. 

number,   various  placen. 

"stripping.  ■  3T2. 
liire  ftteajneiw,    BHM,. 

capacity  of.  c!«lK  HTru 

cisterns  fctr.  :i7(K 

fltreamfi  delivered  by, 
FHk  j^era  I  d .       Dea  mond , 

Flagging,    jei. 

Flanged  pipe,  standard  dimes 
McifM  0f.  Ti:44. 

Files,  earrv  typhoid    HHT. 

FlfKMl.  Went   Va,    HW'j, 

PloorbettDid  strength  of.  T238. 

Fkirlda.  N.  Y.,  exp^rimenta, 
T135. 

Flow 
detrth 
charge, 

note.  I 

over  dams,  271.  I 

In  sewern.  T214,  T215.  i 

rate  fif  In  filter'bedJB,  36S. 
to  arteftlan   wells,  823, 
to  op«i  or  drlTen  wells,  3SS|>, 
to  and  ont  of  rockii.  Tl«!l.     | 
to   and  ont    of  g-ravelfl,   etc 
T194. 

Vh\o«,  long,  effect  on  draft, 
2ft3. 

heating  Burface  of,  T175.         ] 
mc^aanrementa  of,  etc.*  T151, 
Tiri2. 

Fiush  tanks,  cost  of.  T2ai. 
incportnnce  of.  412-  | 

Poamtug,   boiler  waters,   34«.      > 
effect  comptmnds,  table  com- 
ponnda    Tlf>6 :  see  aJso  boil- 
er W,  345. 

Food,  n«re.  effect  on  life,  410, 

Food  &  drink,  adulter  at  Ion  t>t, 
410, 

Ffxn  f'w..  li*2  eciniTaJents  of, 
T3r{ 

decimal  i>art«.  eirnlTalentB  In 
Inchea.    Tift.     Hlneal    ft)        j 
aoonre    enniviiif*nt8   of  part*  ! 
of  in  ftf|.   In.,  T2\h 

Foot'ponnd.  Talne.  242 :  eoijay- 
ftletits  In  electric  and  beat 
nnfts.  T140, 

Foreign 
tnPHtiiirf'ft     le?t]igth     T*2'd, 

mo-nlea,   vntxie  ^  \l.  tt.  e^u\^- 
«/eiHs     T44.   T4rK 

sr/.    fir    Innd    m^^aisTiTe.    TA*3, 
w^f^  J^ii  f  ft ,     a  1  pti  n  b*^  t  icul .    wvtin 
.*?,    fMihif*,    T42.  v.^it.*.*\ 


cal    ttitb  IL  .*    v»hie.  T 
Foreman,  pipe  line**,  TUi^ 

Ti30, 
Fcifiet^^  effect  pr'>miHC(iiui 

btit  eiitting :  sii^  f(*^n 

ground  wftter.  spring* 


water  power  ^  a  I  It,  iViJM, 
Foundations 

dam».  see  dams. 

quiek  aand,  noroua  solii, 

mi.  37t». 

Ftond   pipes,  2«1* 
fYanciitae,   tra<^f:locL.  2ii&. 
Fr»nck's  rule,  5^. 
Fre*^»inif,      lead     piiM*    J 
pumrM4  to  prevent,  HI  I: 

Wfoira,  3W6  ;  retaining  w 
Iwcking,   ai>7.   ;^tiir:  pw 

tloD   l<v   removal,  AMi^«l 

3*M>  :  sewage.  F-R,  447 
French,  a(j.   rn*  land    la 

T2tt7. 
French  weights,   12^14, 
i'*Hct[i^nH  w»efflcleTit  of^  lor 

ati'iry.  riV»1. 
Friist,  effect. 

«a  rth,      H7!^ ;     embaakin 

3§3;    core    wdH.    :1H^i  I 

d&tlons.  2411  ',   roods,  li 

F'K  447, 
I'^ruHtnyn    rone,  pyramids 

contents,   7H, 

F'uei  &  Hi  earn  ntftes.  24tVS 

Fuel 
evaporative   T*f^w<^r  of, 
T148, 

olL  24ft:  ol]   VR.  coaf, 
petroleum,  247  ;  wood, 
SftTlng   beating    fv^     » 
TlTOr   tmmtid    by   i-hini 
T171 :  bollera,  28iJ :  pur 
plnntit,   TIHO:    9R)&II   p 
2P1. 
best  helgfit.    crilmneja 

burned  on   grates.   2*M\, 
duty   pumping    engi 
317, 
Fi*ii  c  t  lona.  t Hgoni^  rl( 


Gallons 
d  I  £i  charge,      piue 
112(1131. 

water,  coat  at*  y«.H<i 
T15t4. 

t^ervitjc    pi  peg.     dl^ell 
T142. 

eqtilvalents  of.  %n 
raJufall     eQUtv^alenii 
T213. 

reductlo^i  tAble,  ml0 
T160. 
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vea. 

tee  intakes. 

bollerB,  295. 

M,     Bee     variouB 

I  flitratioD. 

5  effluent,  437. 

d.  885-838. 

\g    point,      etc.. 

i  pipe,  422,  428. 

tree,  172 ;   roads. 

:37,  240. 
urvature.  TlOttA 
produce  flow,  in 
pe   lines.     T120- 
ifled   pipe   lines, 

It  of,  T108. 
ents,  table  costs. 

e.  life,       etc., 

in.   327. 
hold  and  deliver 

es.     pipe     lines, 

UHPd   by    Tl»2. 
jqulred.  165. 
,   boilers.  206. 
t   of,    T108. 
lold  water,  T194. 
In  concrete,  432. 
>w    to   fl'id.   etc., 
Lmt.   of  Tll)4.  p. 

»d,     road     work, 

IJ). 

d(*tflll<»d  data 
171).  180. 
ipproached.  'MH. 
oration,  effect  on 
ipe  lines :  auth- 
lentfl.    41.').      419- 


:ular^  solid.   73. 
d  'metal.     T108, 

of.  road  metal, 
find.  isr>   (quick 

) 

ith    weiffhta    per 

*..    and      various 

T119. 

iler  waters.    346. 

.  C.   E..   194. 

quivalent  coats 
and  t  ran  sport a- 

).    and    net    ton, 


and  caire  in  mlx- 
*. 

to   Biib-ftoll.    380. 
In   mlxlne,    384. 
nrallB,    'AHH. 
&  J.   B.   Rider, 


Grubbing,   clearing   for   roads, 

149. 
Guard  rails,  for  fenccfl,  164. 


H 


Hamburg,     cholera     epidemic, 

344. 
"Hammer  water,"   375 ;   auth- 
or's    experimen/ts,     375-876 ; 

use  of  effect     in     hydrauUc 

rams,  376,  275,  276. 
Hard-pan,  send  waslied    from 

for  tliter-beds,  854.  855. 
Hard  waters,  889,  845-6-7. 
Head,  pressure,  in  ft. 

equivalent    in   lbs.     sq.     in., 

T141. 

water,   produce  h.   p.,  T156. 

lost  in  c.  i.  pipe  Unes,  T120- 

131. 

lost    in   service   pipes,   T142. 

lost    In   sewers,    drains,   cul- 
verts, T214-215. 

water,  for  given  h.  p..  T156. 

weight  c.   1.  pipes  to   resist, 

T137. 

weight     and     thiickness     all 

sizes   lead     pipe     to     reelst, 

T153. 
Health,     general,     effect     bad 

water,    433. 
Heat 

effect  applied  to  steam.  280. 

measures,  equivalents,  T145- 

146. 

mechanical    equivalent,    242. 

amt.    used    heating  air,    400. 

units  of.  etc..  241 :  units  in 

water.      T173;     units     from 

fuel.   245. 

vaporization.  280. 
Heaters,    feed   water.   298. 
Heating  power,  coals.  T148. 
Heating  surface   boilers.   295; 

amt.     required.       all     tynes. 

T188:  amt.,  of  bailer  tubes, 

T175. 
Heating    rooms     &     buildings, 

400-0: 

air.    hot   water,    steam,     ex- 
haust steam,  conducting  and 

radiating  power  substances, 

colls,    horse    power      boilers, 

etc..    400-6. 
Hemp,    in    water    pipe    Joivit% 

amt.    and-  cost,    T139,    T120- 

1.S1. 
High  Kridge.  N.  J..  WW..  384. 
Highway  embankments.  378. 
Highways.       see       pavemewts, 

roads. 
Horse,  tractive  power  of,  172. 
Horse   power 

chimneys.    T171. 

equivalents.    T146. 

steam  engines,  H02. 

steam    puTn\>H,    *M1 . 

water  motors.  '2X^^.  T\^>^. 

wate.r,  to  rfviae,.  T\^^,  "^^i- 

water,   var\owa  "VMiaei^,  •^^.^'^ 

water    "w\\ee\ft,  '2.^>^. 
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bU.  per  n^U  grow, 
lb.      eQulToleaita, 


ItB,   Ta7. 

BQKiAre  or  laxid, 
2?W;  foreign,  Ta3, 
14:  l^).  ^-  aTi(]  for- 

n,  ""^ 

lUrtitSnii,  a^    '»T. 

,    RfwLtijeK       aU»ha- 

rr. 

3..  see  pavemenis  & 
dpi  pes,      |-hir\kaeefl 

ai    luiigLh    0.1      of, 

er,  253,  254. 
J.    rainfall    on     In 
ilts.  T191. 
269.  270. 

24 :  rediictloo 
0 :  dlechar^  in, 
I.  T161 ;  pipe  lines, 

Ronda,  in  decimal 
50. 

a/tions,  U.  S.  value 
M5. 

carry  eerniR.   337. 
;er,  255.  250. 
r  of.  172. 

on.  short  methods, 
)  25  X  25.  9. 
barometer,      T190, 

oles  made  by.  382, 


N 

liter,  plan  of.  349. 
lannels,     flow      in. 

es.     tangents,     co- 

coslnes,    T56-100. 

OSS  ton,  lb.  eqnlva- 

e.  per,   T133. 

easnre  sewago  pnr- 

443. 

indicator       sewapre 

.tlon,  409. 

e  dept.,   hose,    371. 

fire  streams.  T20i. 
<}i8charfflng  cai)ac- 
199. 

l€chRrgo   of.    T155. 
mil   (\E.,    2:V2. 
iffliient.      chemical 
in.    437. 


Numbers,   oansecutlye,   Bq»   of, 

cube,  ciib«  root,  sq.   and  ra. 
root   of,    from    0.1    to    1000, 

T4e4«n. 

NoTvalk,  Conn.,  typhoid  feyer 

at,  33a. 
Notes,   ianltary,   407-454. 


Oil.   la  Ujilifrr  wat*^!^,   :ue. 

an  fuel.  247.   24K. 
Olefiatit    eaa^   con  >%Ufltloik     «t 

T14  7      *  ^'• 

Optrn  wellK,  3l!7'3i 
Mf^BOl*.    matter.  K 

wer«r.  pcirittcatij 

haw  tn  find,  qiiai,  ^^^ 

0  I,   diarnarfi         1 

Om*^^...„  decimal  ^     _  Jj 
CWerfiowss,      crest,       •;>Bu_.Hrtt,  ' 

T162.  '^-^'^ 

dftms.   271.   2T2,   384. 

fl<MHj»  ort'-r.  384.  385. 

Bew&ni,    for     storm      ^Jiter, 

414.  f 

Ow<?n.    JiiintH.    L.K.,   1S3. 
Oxygen.  eiVect  «t  flres.  862. 

comMnes,  with  oryaiuc  mat- 
ter, 434. 

required,     combustion,     244, 

245. 
Oysters,     typhoid     germfl     In, 

43,^. 


Paint,  effect  limestone  on, 
1 85. 

Parabola,  area  of,  53. 

Paraboloid,  contents  of,  74. 
fniRtum  of,   c?o<nt.MUs   of.   74. 

Parallelojrram,  area  of,  53. 

Paving,  rip-rap.  382. 
s1x>ne,  cobble.   161.  179. 

Pavements  and  roads.  148-193. 
cla«fies  of.  are  arranged  al- 
phabetically :  n«phalt  to  Tel- 
ford, engineering,  contract- 
ing, consrtnictlon  data,  etc., 
174-19.3. 

cost  to  restore.  T132. 
specific   gravity   and    weight 
of  materials.  T108. 
how  to  find.  185. 
for      various     amt.     voids. 
Til  9. 
tractive  force.  172-174. 
tractive    resistance,    172-174. 

Pavements,  various, 
asphalt,    asphalt    block.    174- 
176. 

belglan    block.    176.    177. 
brick.  177.  178. 
cha.rcoaJ   refuse,  179. 
chert.  179. 
cinders.   179. 
clay  Rha\e.  Al^. 
clay  RT\«\  Mvn^  t\\\ti<?A,  VlKs. 
cobh\e«toTve.  Al^. 
gravel  roaiVR.  V>  \tv.,  H  Vcv-  ^ 
In.,  n«-lH*2. 
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8,  area  of.  54 :  con- 

;  table,  T&&. 

area,    i>4,     table   ot 

ule,  53. 

Mnent,  and  mortar, 

plastering,   482. 
ivalent  costs,     net, 

T133. 

:8,       see      varions 
weights,   etc.,   10- 

n,   chemical,     sew- 

ibankments  on  pipe 

.  891. 

\  25*2,  896. 

.  283:     back.  283: 
176. 
dams,  walls,  etc., 

Dts      In       pounds. 

•   lire 


^Xm  Hnra.  «po  pipe 

,  fiy  {  tY>nt«itB,  74, 

Him  of.   75. 
me  w^dg^. 
formtilfl,  eiaraplea, 
n     ot,     77;     qiilcrte 
Ay  avoid  UB^  of.  7n. 
ibankments.       HNO, 

;6  :  srttling  of.  MH. 

ichea,    370. 

.  330. 

nffinefl.     see     also 

'180:  ,sir»-;n7. 

370. 

material    by.    200, 

•  reqiiiped.  T170. 

Mi). 

ter.    424. 

t.  Philn..  2r»4. 

re  protection.  'MVA- 


\H.     280-201 .      :i20, 

Ir.  pumplnp:  grout. 

n82. 
181. 
T169. 

lischarRo  of.  T17S. 
tea,     tables,     etc.. 

leral    data.      duty. 

17. 

>les.  280. 

fCpneral    data    s<»o 
nfHt.   .'?02-;m. 

flee  orgnnlc  mnt- 
,    fipwnpo    dlapos- 


ruritication    Hewage.    4;<3-4r»4. 
ryramlU.   area,   52 ;     conte.its. 

72. 

fruHtum,   area.   r>3 :   contenta 

73. 
Pyrometer,       teat  a        chimney 

ffases.  2i)3. 


Q 


gvijintlty.  diHdiai-Rt?H  »  .^^^-^ 
Hew**rH.  eti-.  "amount"  tmfelx 
k  used  In  lieti  of*  tff  nnmj*^ 
laties.  -Vj  H 

tjiik'tt-stmd*  e3£riiv«tl<i*tli  pp^H 
hiltlll^^rJ^^.  e-Tr  ?t:n  :  foiindii^ 
Hour,  U'-K  ivv'-i  :  <  frUrU'.'.'..  ^ 
41*4. 


R 

nyiltli^llr. 


t 


:;7i>. 


Rams, 
37tfc      ^ 

lUlirfall    -,  ^ 
t^Aft  '-«lmlYa]i^Jt^,       inlHioit 
ERTloiift,  24i6:  imr    aq,     mile. 
Tliil :       flfMMi«,      HbA.     HH5: 
psftilvalt^ntit,  1   in,.  T2i:i. 

KMilf-.     middle?      ordinate      of, 

elev,  of*  (jn  t^nrves,  137.  138. 

n  n.  tHK-k.  curvea  eqniTalent. 
Arade.  nn6A. 

IL  R.  embHukmetntA.   IH^. 

liiut'  wnys.  ?M*p  overflows, 

Uaidan.    vnlnt^   of,   7W. 

Uadiua.   cin-le.  aee  circiea. 

Kadlus.    hydraulic    mean.    273. 

Kafter.  \V.  H.  Rider  table  of. 
l«"nKtha  main,  hip  and  valley. 
T220.   4.'»0. 

Kama,  hydraulic.  275,  276. 
370. 

Itecelvera    at  earn.   301.   302. 

Ked,  aandatone.  wella  In.  cap 
to  hold,  diacharge  water, 
etc..   .TJ.'>-327. 

Kefllllng  tremchefl.   Tl 20-1 31. 

Uoniittent   fever.   338. 

Uoiisi-^'laer  I'oly    Inat..   104. 

Ili-rilfl     hydrant    373. 

|{t*T    ii"**'  puvemewtft,  T132. 

ItestTvoir 
l)ottoniH.  alene  jzrowttia  on. 
removal  soil  from.  341  ;  ex- 
cavation mud.  330 :  see  also 
"brief  water  and  aupply 
notes."  .HI 8-347 :  dama,  em- 
bankments, etc.,  F.  &  A.  etc. 

Uotaininc  walla 
f«M-  coal    300. 
for  earth.   307-300. 
for  water,  386-307. 

nider.  .Tohn.  use  alum  by.  361. 

Rider,  W.  R 
cost  rfMids  under,  181. 
Orange.  N.   J.,   water  worka. 
184. 
water  wotV.^  c.oTvw\T\\<?\^Ck.  >ws , 

dama  oot^b\t\\c.Vo<\  \>>' .  '^'^^-    , 
dams    (VnT\R<'T<>\\R.  t£\vvcvc»«.t'8v\» 

I     on.  :wr>. 


iNDteX. 
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pipe,    qnnlltj*    Ot\ 
pip*,  4^:1. 

Igth  ttf  pipe,  424. 

J   twfta   of.     425: 

425 ;   cM>lor   nod 

425 :     eemetii 

4ci?  llBt  pipe,  426. 
1*51  gnu     in     car 

SB,     dhaj£«     for, 

idee   tlst.      pipe, 

I  data  reiatlTc  to, 

loTger  sIe^  ;  also 
k  T220. 

jbnatroct     sewera, 
■eSt   witb     d«!t&1lB» 
|c«e.     f?tc„      under 
lp«nrl6loii/  T221. 
|e.  431,  432. 

of,  415. 

432. 
dMilon,     i^lrde. 

a,  road     hedn. 


well  aseaTatton* 

Jllnff,    etc,     ccwt 
rwoA,  Ta21. 

Sfl9. 

Dfrtl<jal,  etc.,  5,  e. 
s.  eo^tents  6f,  88. 
lie  53. 

natitPal.     tabf^e, 
Sftlao     see    curves, 

-ted   for  sew«M, 

steam    engltiQ«, 

^  pumpfl.  S16. 
pTOp*^T,  B82. 
Ig«.  436.  437. 
,  83P. 
7.  efloct  on  health, 

b«fl*  T31'84,  11.   8, 

*1  ;      rore-lEn.  T42. 

I  ta,    see    Tarlons 

Ijlaf,  (WUfP'Titfi,  73. 
see  sewage. 
:.  Cfe.t  poor    pave- 

fa««.  W  W.  T1HH. 
rtty,  «ee  ifravJty. 

pr  Of,   |4?*^170. 


Sphere,  area,  Q4 ;  contenta  Of, 

bo  How,   i."(>nientM  of.  75. 

aegmait^  area,  54 ;  contents, 

75. 

Eone,  areflt  54  ;  Goatents,  75. 
apheix>l(l»  see  ellipsoid.  53,  73. 
Bprlnklltiit  fltret^tB,  189. 
tSprtngs,  333-3^5. 

under  dams,   383. 
Sqi>are,   at^u,   dlaganal,      etc^ 

amd  eircle,     varleua    «{]alvil^ 

leffltH,  bik 

two  tJ0«iae<!uyy«  iiumbera,  6SA, 

68. 

Dumbers*  0.1  to  1000,  T4ft,- 

4QH. 

rout,  nnmbeirs*  0.1  to  1000, 
T4tt-4U1I, 

land    meaiure,     20-34 1     f&r- 
elMH,  T30. 
S  LIU  ail?  Diilif,  equli^alent^t  20, 

rain     fall     on.     266.     Tl»l, 

T2Ki 
f^ttNim.  ttotlon  In  t^y Under.  304. 

flint,  iiei*d  by  duplex  pnmpa, 

Tiai, 

fN  m d PR s H  < !  1  HI .    <!y  1  Inder,    307 . 

condenaatJon,      pLpe&t      SOI, 

307, 

energr  In  cu.  ft.  of,  294* 

entrained  waiter  Jn.  300. 

exhaust,  Ui  li eating,  406. 

Jet.   remoylnff  "aniibor"    Ice, 

304. 

leaks,  bollera,  ete.»  2»7. 

mean    pressure.   In    cfUodert 

T176. 

mechanical  force  of.  281. 

preesure,     temper  atofe     Of, 

T108, 

quality  Of,   300, 

rablo,     expansion     of,     300, 

307. 

taturated  or  dry,  wbea,  2M. 

sftturated,      propepties      of, 

T172. 

specific  KraTMy  of,  281. 

superheat  LUK,  301. 

tempera  hi  re.         change      to 

gaeve,  302. 

velocity  of  in  pipes,  303. 

weight  of,  281. 
Rtciim  rlmni.  ^^02. 
Steam   eaiglnes.     a02»Sllr     Se»' 

engines. 
Steam  „^„ 

Bnjtlne   and   pomp  notes,   278- 

288,  and  fuol  not««,  240-248. 

pipes,  si  1^0  i^f.  2yM. 

plpen,   hcatlnp,  flee  aeatJlfig. 

pumps,    311-317 1     (Mecharge 

plntonH,     T178;     coal     Ofted, 

T170  :    coal  to  ral»e  mllUoo 

Kall<i*nfl,  T180 ;     amt.    wteam 

nm6,  duplex.  TJ81 ;  coin- 
pound,  ta^le  of,  T192:  tri- 
plex, table  of,  Ties. 

c*^trHnKa\R,       ^Vt.\i     «&l?nvt. 


■ 


i 


g 


: 


dCsekl,  bailM',  a>lr» 
^r  iiotJitbi^i.  34». 

etc*,    riEST'. 

!t|-^Eudiiii.   wvBgP.  4liK 
Stone.  wei«tir  *>t  *rt.*..  Tl*l«. 


ft^ 


Tax  Jvbit.  plpp 


Stonn  vKr».  unt.  oL  41^  41-k 

414. 
^cnlQier.  dtt^r  iMd  .  not    mc 
444L 

272, 

po'lLntMn  of.  433- 

■eir      piiriiSc«ll«i.       Umlt«d. 

434. 

rer>*lr^  aft^r  staritt.  4ia. 

raflwayij*    fb.    iMTiHiiHit.  177. 

spf[ntlttig.  1S9. 
^ufMirahas.   i-i^^t   of,   T221. 

ah«f»iii'«>^  <T'f.     t*ffiwt  on  Mirer 

dl«.  baris^*.  411. 

fi>r   pavements.   131,   IfUk 
SiiNirrjit|<*.    pnrpnip'titfl.    poIUi]^. 

8iil»-soK  wafer,   arirt,  of.   411, 


Tisa. 

Timber  uid  pit 
104. 

TUf.     nnderdm 
rnmtA.  15^, 
«mlt  clue    42 
T2ia  T211I; 

Ton-mil^.  IT?. 
To«i.  etiu  Its  Lent 
ton  And  prmi 
T'KvJs,   etc  p« 
lowers.  tAaktt, 

Tracks.      eleeti 
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Ine,   brass*   thr«^de,   24&. 
pin  1 


i-he$9«   eai'th.    rotk.   etc, 
til  earth  Ut^lci  by  vi trifled 

sewage  dfaposttl  lie4s,  447. 
tcftutiotifi,  wet  I  re  a  ell,  4^4. 
per      trencfl.      cost,     eic, 

ipe  of   for  Urk*lt  and   rati- 
ite  eewers^  432:  Blie**t  pli- 
t.  cfjat.  etc.,  Tli^l, 
era.  432. 

,t«r  pipe  trencli.  amt.. 
it,  etc..  aJI  SJJJC^.  T120-131. 

ngle*  area,  rulea  for,  55. 
rbt    angliKl,    runctkrofl     of, 

ifque  BUglea,   80,   Ml. 

lies,  form u Lac  etc  SO,  SI. 

[OBOTuetry,  plaiie.  78-81* 

>lei,   ptitiipi,   T1K3. 

Hey,  elect rlCn  double,  2ii5, 

r  weight,   10,   IK 

^rculatlou.        pipe       ILtiea, 

36, 

Wd  water 

eot  tai  atnt,  of    sollils 

Wage,  4m. 

r  water  stipplf',  339, 

hold   fever 

'rtaiitj  or.  aas. 

cilJns  of,   lEves  In,   how  to 

1,  effects  fr€«*liig*  3^5, 

rw  Daveti    Cfla*     in     1001, 

s,  3:iii. 

tms   In    water  supply  '.   ^t 

;t   sunlight,   storage   water 

.    33tf. 

riod   Incubatlou.   3:40,   3:47, 

icing      case«.       prevention 

read.   'Am.  3:47, 

Idemlrii   of,    tMw   to   ch<*cJc. 

e.,  3^7. 

'ect   flics,    mosciultoea,   337, 

^ajutaatlons     water,     oft^n 

au«1«s6,  337, 

^Usetr   of»   how   to   preTent, 

i  milk  3nppl,v,  338. 

ftrwalk.  Ct.,  caae,  338, 

1  stored  waters.  340, 

5  oyat*>rs,  4:i3. 

ffert  tide  water  aewaue  dls- 

fl«ai.  43,'i. 

L.,. 

in  I  a,      clrculoLr.     area     atid 
)ntentH  of,  72, 
fritrd  nitration,  n't». 
jfbop'fl,  €ilghr  years  «Jtp«rl- 
ents  w-lth,  :^59-3«^^. 
ithiir'R   repoPT   on.      Phil  a., 
s.,  S'm  35t>, 
[vantages  of,   3r>0. 
«t     of.     ofttm      n*9H     rh&n 
wawnnS.   Htto. 

removal    prerented     t>y. 
I   300. 


U 


oat  lira  I  lawn,  in  accord  with, 
:l»%^-:i*n , 

purifleatioo   obtaioed.    3(H. 
value   sedLmeotattoci   in   con- 
netHluti  with:  aumop'a  pianii 

Scliiiylkill   river.  3MK 
ua*  of  iln     ^witge     piirltica- 
tli>u,  44U. 
t^rlne*  ami.  Iti  lewiige  and  uu 
al>sl«.  mixture  wun   raei*ea. 
Tl'll. 


VHCiiiira,    paillal,     correapood- 
Ing  temps,  w^nti^r  t.Tmdenw*rSt 
TUMI. 
Ytalvei^.   i^e   aimi,   g'ates, 
che<'k,  for  piirnp»,  :i!3. 
for  Hre  jn-oreotlon,  :i«a. 
foul  valves,  suctions,  313. 
valves,  hvdranta.  3t«7, 
relief,  :i«H, 

iiafeiy,   BlKe  of,  etc.,   2^^. 
allde.  of  engines  :  MroKe,  iap. 
how  to  8*ft,   304.  3 on. 
HUCtton,   313, 

rubber,    hmsa,   Mc.   when   ta 
use.  314, 
water  works.  3fi7.  3fl*^. 

ImportRnce  or  hraas  wtems, 

nm^,  et(^„  :iOB. 

Importance  of  all  tn  «iy^efn 

ti!m!iig  lu   same   rtlrectlonH 

alia. 

Vapor,  HHturatB<l,  ^SO. 
VfljHjHsMxtlonH  heat  of,  280. 
Veifetahle   growths.     In    wafer, 

:i4a-4, 

lit    B<?thel.   rt.,   351  353. 

&t  Nantucket,  ajiaTyaia  snow- 

Inc  09.33  jier  eent.  removed. 

34^ 

effect  on     decreafl^d    stream 

poEutlou,  -i:i4. 

in  artesian  wells.  3Sf1. 

In   reaervolffi,    effect     depth, 

cl^Min   bottom,   nnzilight,   341, 

Irt  sea  water,  435. 

*  purging"   of.  stored  waters, 

341. 
Velocity 

acceleration  of,  effect,  on  aia- 

cttarge  aewora.  415,  41 9-433  ► 

in  pipe  lilies,  m^  ptpe  lines, 

disohrarge  tables. 
Vent  1 1  at  Ion 

be-neiitJ^  of.   410. 

biiildingia,  air  reqlltr^d,  Tao,V 
I    Newers.   how   provided   for  In 
,    calfmlflrions  dlsc^tiarge.     4TZ 
Vibration,    foundations,    201. 
%' it  rifled  pipe,  lines,  etc.,  eost, 

matH-iiH,   T21B.  T21R,   T210. 

cost     to     const  nict.       T220, 
i    T1I21 . 

dlBcharge.       sewers,       T214, 

T215. 

HLfttertBY    of.   %lT«ii??caVs  t«AA. 

cotii?trvu^tVo\i  aMCf^,,  ^^t-  vxt- 
j     43tV 


/vTtMtlMStS     f^ 


Pastime,  ^an 

Valla.    "Tr.. 

n   -♦^rrtoai 
-lomenta.   ■ 

.,nrT-.    ;5^S 

;t>«s  -r.  .\: 
rP5?5*nrp  «> 

jams,  an 
or'j.o/nTJil. 
■[-inm     on 

tnms      '^p 

>a    •■  T     ■- 


lous  r&te«.  T154. 
?gate  ofp   353, 
factora  of,  TIT 4. 

tion,     amt.     req. 

m.  TJ73. 

f   qnet      amt^      to 

er  Yarlfyufl  heads, 

\  req.  to  elevate* 


req..   320. 
It.    used     by. 


Vk 


.  used  by.  256. 

c.p  371-374. 
:h«-rge  of,  Tl^ri. 
Ib^.    equWulenta 

tufihefi         wati^r, 
tti    Lbs.,    ounces, 

watis,  etc..    :im- 

n.  48  to  4  lijcn, 

d,  1Q4, 

;n«,  T140. 

B»  T142. 

».  TL!14,  T215. 

ase  T1i!U-131,  ds^ 

m    10   tQ    15   per 

'  SQ.  mile,  equlTA- 
I.  ft.  gals.,  etc.  ; 
t>nt,     equlvaJeut^ 

I'Ke   trf,    T1H4  r^. 
dd  by,  T193. 


I 
i 


hi 


held     hy. 


B»  see  AbciTe. 

req.   for,  281. 
i«,  discharge  of, 
la,  st«am,    TIHS. 

Tisi;. 

T178. 
tuu 

iglnW,  'n7»,  315. 

fim,  Tie7. 

f      chimged        to 
and   <!DFre8poa4]- 

J  Tiyo. 
required  to  nn, 

'^      TOldfl. 

!  mmt.  r&c].  200. 
tton  tiiijJes. 

k   WAi^n  TllB. 
Ft.,  in,  ^aJs,  TH, 
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eu.  yd*  to  IW  other  umta, 
TSa, 

CI],    ft^    to   32    other   niilta, 
T3S, 

cu.   in.  to  2B  other  untts, 
T34. 

U.  S,  goJ.,  ete.  to  Ibti.,  T3«. 
fuo*     otiiere,     see     varioua 
tables   weights,     meaBurea, 
et**. 
wmught     Irot]     i^tpee,     amt, 
held   per  ft.,  T15l, 
*' Water  hammej;" 
elleoi  OQ  l€Gd  pipee,  2Q2. 
benefit    relief  vaiV'??,   3t!tlj. 
te.tt  t^latlve  to,  author  a  i^x- 
rerJments,  etc.,  375+  ^711 
WaUr  u;etera,  2^6,  254. 
\\ater  motora,  255-S25tJ. 
Water  pumi^Jug,    see     vanoui 
pumpa. 

cost  at  Pblla.,  254, 
Water   nurlflca.tlon,   33W-361. 
Water-anedfl 
amt.  uow  fujiilebod  by,  253. 
effect     forests,     eraporatioiif 

etc.,  aia,  aiy. 

New   In^glimd,   illaohai'ge  or, 

HH4. 

quick   method  to  Una     area, 

377. 

nee    also,    ''drainage     couea" 

undeir  well  suppJles. 
Water-wheels.  *^ZrH-2m. 
Water- works,  fram  a  tlFemaii'fl 

or  liiNuranee  Co.  fftaudpolut, 

361^-374. 
Water- workfl  pipe  tlnefl,     194- 

240. 
Wll^t:e^   and  supply   iiot«s,   31S- 

302. 
Wfiti^r,  Htandi)3pe«H  ^JtiMjaR. 
Water   iBmikinj,'.   22\K 
W liter   t«iJks  on  towers^    S08- 

Water  towers,   (hoee),  369, 
Wnve  action  «n  embaiikmenti, 

3S2, 
Wk^ri^ft^a.      !i(]    kliHlH,      eiits    of, 

eontei^tjr  of,   short     methoda 

to  flnd,   75,  7«. 

frustum   of,    (prmmotd),   TT. 
Weight,  atomic f  carbon,  hydro- 
gen, etc.,  TUT. 

apo-the<*arles,  11. 

avolrdupol*!   tiahlea,     equlTa- 

lenta»  etc.,  of,  11,  12. 

oommerclai,  11,  la. 

French  or  metric,  12-14. 

foreign,  with  U.   S.    e<gulT&- 

leuts, 

weights »  alphabetically.  T42, 

nylons,   alphatietloally,  T43. 

Troy  weight,   HL 

for  other  welglits,  see  artldle 

In  qoefitlon.  J 

Welle  ■ 

artesian.  U*A\,  Wri.  " 

cost  to  drWU  li'il^ 

dmiuage  coaaei,  ^Ic,  '^'Ei,  A'tV. 

in   KratiAtfe   t<K3t.  '**^"^- 


I 


i 


■5!^ 


flQ4   <^pt'ii    w'r]3iiif    327- 


Wi'U   WRterfl,   S42. 

Wi^lU.    White    maJaia,     K.    Y., 

f^LU,  «Hir  wjitt^r   In,  S29, 

rt^\rv,  2a5  270. 
^  1  E*n  'Uaj*ge  iu,   . 

ei^de   f«et   minute,  T1(SQ, 

tttaiitflil&r  ztotcb  w«If,  266. 

Be«  MOt,  t-or  dama,      2T1, 

272,  m%  »tifi. 
W'u<J 
effe*;t,  stored  water*  341. 
]]«&t1ti^   balldliiRs,   etc.,   402. 
prefleurCt  tjf.  260.  27«, 
oti  standpipes.  eic,  260. 
cm   tow«^i-B  and  Canks.     263, 
Wind-mills,   2M.    276,    277. 
glTlQg   capacity   of   pnmping 
wind  miU9,  eonstrtictlon  aJid 
other  data. 


i  WnxMf,   dry,  247* 

comparatlTe  ta1u«  M    tBM 
I     T14y. 

I     weight  of  Tvio\u  U84%J| 
I  chortf.  24T-  ^Ti 

Wooden  p4pes,  3fS5. 
Work  performed*  4$ft  ** 
in  w«J:er  pipe  JajlQIp  TW 
Ma 


Wcroeater. 

tUcatloD  a-t,  4SQ,  <VT. 
WM^tigbt  ttoti,    rnciUif  pi 

of,  T198, 


llnettl,  «qtilvftleiiti.  tffct,  3 
(rutlc.  24. 

19  equlT&te^nts  of*  TA 
aquai^,   equivaleiiti  at  ^ 
Yellow  f^ver,  338. 


Zone,  circle,  area,  cut  oE,  sa 
sphere,  area  '>t»  54. 


l,ttl^ertcjrs  beio'w  given  wre  '.trie  io  type  ^'puMintf  out" 
^Ug*    All  will  Qot  thefeiore  beioutid  in  every  t'opy  ot 

pe  15*  Tt&d,  -t  is  to  rt  s&  is  8  ici  12. 

•*    30,      *^       ciuantity  for  qiiitlity. 

♦'       \      '* 

*•     1^,  eraae  first  s*  in  iwoirdaiiosiu* 
f  Table  So.  31,  next  ti>  Ust  line,  read  groHg.  fiir  cross* 
r,  line  1«»  *  ftjfers  to  parag^raph  Jii-'nl  abwveTable 

f  k  Sod  line  under  Table  No.  *Vi  read  l.KiTOfl  for  L6SU5. 

{  in  5tb  Itat'  under  *'  Use  of  Cube  Root/'  repIaL'e  —  by  a  ,. 

fit)  'Mil  Hntj  tif  heading  to  Table  Na  i7,  read,  Basie— 10. 

[iird  line  nn<:lur  labl<-s  shonld  end  with  Jignrel  &nd  ti*Jt  \  . 

[m  IStb  line  era«e  lasit  't"  in  frustrutn. 

I  in  Isijt  Hue  eraise  "a"  before  eqnivAleiit, 

i  in  4tl>  iine  relative  tis  '  Volume  or  Contents  of  Sphere" 

|-fii3ttb  for  fl* 

[in  tttli  liiiefram  bottom,  add  *'n*'in  emb^kmemtii  be^ 

f IA  *♦  h  Jfne  nnder  Pig.  30,  add  =  after  cot  a  and  also  after 

^  ill  oext  line  add  =?  after  G  at  the  tjeg^lnnin^  of  the  line. 

,  jn  top  side  head,  first  Hue,  add  1  after  radins  =. 

p  111  lafii  Nne  for  —  read  ^  . 

,  in  '^r\d  line  for  tabTt:  read  lenHrthn. 

I  latb  line  from  bottnm  tihoiild  end  with  =^t  instead  of  -^. 

,  ill  lit  line  of  body  of  Tsible  No.  liXi,  for  foot  rctvd  feet. 

,  m  11  th  line*  for  pajfe  ItSH  read  paife  171. 

I  Under  *'  street  Sprinklmg,"^  ard  line  ft>r  prop-  reacl 

after    the  v?ord  '"  totals  "   for  4"  and  i("  road,  refer 
at  f<KJt  note  on  the  page. 

,  in  r*ih  Hint  froni  bottom,  for  they,  read  there. 
1,  Ijeginning  at  *'  yejira  "  in  Bth  ifne  from   bottom   read, 
I  with  proper  repairs  there  b  nw  reason  to  Uaiit  itft 

U  Eraiie  Tth  line  from  bottom,  beginnitig:  with  ''By  Table 

K  Weight  of  6    X  *  '  Cro^ii  aiid  Tee  should  change  places, 
-'ifth  line  from  bottom,  for  1&"  read  lU   , 
eading  to  ftrst  eolurnn  of  Table  No.  14ii,  for  B.  T.  T.  , 

t(2^  in  irth  fine  for  chargable,  read  aharjfeabie. 
SnO,  in  5th  line  from  Tjottom   for  Table  No.  lS5,^read  Tatalr 
i  »<k  In  Kth  line  far,  of  m\  read  for  EHXl. 
^1,  fTT  tth  line  from  bottom,  for  conortste,  read  g-ranite. 
'■  '         lust  line,  for  fell,  read  fall, 

I  me  under  tablt,  take  out  one  "  r  **  in  ourrrent. 
l^t  line  under  table,  e^eperate  the  words  *  price"  and  | 

tL^U  in  ard  line  from  bottom,  fur  2T,22v^  read  n.^^\  for  i:i,«17 
IA  13.  ST  7. 

i[^e  from  bottom,  tar  page  300,  read  page  S>1, 
-mid  be  No,  lft7,  and  not  No.  Iflfl. 
♦  -ne  from  bottom  for  menn,  read  means. 

:j;Kii,  tu  ith  line  under  **  Masonry^'*  for*  of  np-fitream,  read  to 
«treA  m 
re  38SH),  erase  the  IBtb  line  and  lubE^titute  the    following  r  the  j 

ectfon  of  the  slooe  and  a  vertical  line  ....*..* *..»*.,*.   (hi  , 

te  890^  in  5th  line  nnder  "Upward   Pressure"  for  &.Oaiaft  read,  1 
11^. 

m,fnT  Q,  read  t^i* 

84414,  \n  Ta*t  line  forokam,  read  okum. 
I$ti'  '         nnber  should  be  ^'*1  and  nin*iC^^. 

W-  ir-fr^m  buttoiiL  fiir  involved  Toa<V  mv^A-wVn^.  j 

hf  ire  found,  the  author  vfo^UI  ^retAUv  cuippt ^f&v&l 


advertisement  of  no  firm  or  indiTidsal  Is  inserted  m 

wbat  is  considered  a  ^'leader"  in  its  ap«eM  Une, 

Ith  Sill  the  author  has^  In  his  professional  practice^  had  busf^ 

ft  relation.^  and  knows  of  hia  own  personal  knowledge*  that 

It  will  live  lip  to  I tbctjn tracts;  that  they  will  fill  a  teie|f rapbic 

letr  promptly,  u^iog  judgment  when  details  are  lacking;  the 

c^^ite,,  and  send  you  the  same  goods  a&  when  tied  with 

ftiU  of  contracts  and  agreements. 


INDEX, 


Ith  a  ^j 


^toti,  John, , . . . . 

aerican  Hpe  U't'g,  Co,. 
Imerican  Welt  Workia,, . . 


PAGE 

...     4S 
,..    04 

...  as 


4 


accm,  Earl  C  ,,**..»  * * 

erger^  C*  L^  A  Sons ♦.,.**. ..*....-... 

erquiHtj  A.  Samuel,  C*  E.,....,.. , 

Hackmer  &  Post, ....  * ^  ,..,,,,,,,.„..,.,„..,,.. , 

nickensderf er  M*f*g  Co.  >.*....** * .... 

ook keeper  Ptibli&hing  Co.n , ,,,..,,...  39 

Duborn  Copper  and  Braas  Worksj B 

lickeye  Engine  Co. ,,»..* 37 

aff&  liuff,... ;,,,, ,..., ,  30 

Ealdwell,  W.  E.  Co., ,...,. 37 

Carpenter  Brothers, .,,.,,......,  Bi 

pcffin  Valve  Co , 19 

onrad,  W.  R.,,.., ..,, ,...,.,,.....,  28 

Dry  ell  Construction  Co.^ , 4t 

Sutler  M^f  gCo. „.., a 

u-vidson,  M.  T.  H ,  18 

Iteming  Co. ,  The*. 16 

^ixon  Crucible  Co.,  Joseph...,...., , ,...*,.,„..  4 

io-tt-iile  Pump  Co., ,...,, ..,..,, '^ 

Ethetidge,  H ,,.... , .  _ _ , ifi* 


M 


I 


I 
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IGINEERS    AND   ARCHITECTS  ' 

■  AKB   NdW    SPECIFY  iXt; 

fE  U  S.  MAIL  CHUTE, 

Cutkr  Patent  M^iliog  System, 

FICE     BUILDINGS,    LOFTS, 
lOTELS,    APARTMENTS, 


JBLIC    BUILDINGS 


OF    ALL    KINDS. 


rlAL,  STATE,    COUNTY,  MUNICIPAL, 
CHARITABLE 
SpecriJit;Htioiis  and  csLimatca  Dn  appUtiVvott  Vo 

lER    MFG.    CO.  CUTLtW   BUILOmQ, 


''ss^misi: 


-^    ^  ■ 


A  System  of  Fire-Proofing  that  is 
FIRE  PROOF. 


Tie  Roebltng  System 


ire   Proof  Construction 


represents  the  highest  development 
in  fire*proof  construction  **!*  .5*  *3*i5^*5* 


( tlie  severe  fire  and  water  tests  made  by  the 
York  Building  and  Fire   Departments  in 
396-97  THE  ROEBLIKG  SYSTEM  develop- 
the    highest    efficiency    and    resisted    the 
peated  application  of  heat  and   cold   water 
tier  than  any  other  construction  tested. 

Correct  in  principle;  material  absolutely  fire- 
oof;    superior  protection    to    the    structural 

fceel;  rapid  erection;  safety;  rapid  drying; 
rfect   ceilings;  economy  in  structural  steel; 

^west  rates  of  insurance. 

Estimates  furnished  and  contracts  made  for 
ae  erection  of  fire -proof  floors,  ceilings,  parti- 
lonSj  etc.  and  for  steel  furring  and  wire 
tthing  work. 

Page  Illustrated  Catalogue  Fre«  on  Application* 

Cbe  I^oebling  Construction  Co., 

/?/  Liberty  Street,  New  York. 


I 


CHEAP  POWER 


1 


The  Sanitary  Sewer  Co.f 

CONTRiCTORS    AND   ENGlNEERl 

ST4    DREXEL    BUILDING 

PHILADELPHIA.  PA. 


ET  tes  ^sq^pc«d  ftfl  the  ptttent  rights 
AimxK^Tic  SxirKK  Disinfect- 

ts  distnfected  id  traasil  i 
i  «t  the  otitf  aU. 

Thi^  company  will  ooistract  for  and  build  se^ 
^ior  lowasatid  dtiW  WTierever  contracts  are  awardfio 
to  Bs  ottr  patent  dismfecting  appaiains  will  be  appliw 
irittiotit  charge  for  royalty. 

We  are  also  prej^red'  to  build  sewers  on  the  fran* 

le  planjn  wliicbcase  oo  local  capital  will  be  reqiiire^^ 

Towns  and  cities  interested  in  prociiring  a  stiicd? 

*aiTiurv  ftysteni  of  Sewers,  built  upon  the  most  ^ 

*vcii  »*cientific  pntic\p\es,  aie  mvited  to  corrtspoa^l 


ICIFIC  FLUSH  TANK  COMPANY 

M ASL  KVCTURERS  OF 

Automatic  Siph 


^ 


mmM 

ons       ■ 


JTER11TTENT    FLUSH    TANKS. 

Chicago,  Ills.,  U.  S.  A. 


< 


The  Miller  5iphon 

PATKNTKlh 

STANDARD  DESIGN, 

ILLER  SIPHON,  Special  Desig-n. 
MILLER-POTTER  SIPHON. 
RHO ADS- MILLER  and 

KHOADS- WILLIAMS  Sl^^OU. 

r  for  IlinstrA trd  C a  ta  [o kitc. 


I 

ILL 


\  itrified  Pipd 


BRICK  SEWERS 


[iijg^ford  Fountfpif  aqd  Machiqe  1A/dpI^^. 

Oswego,  N-  Y-,  U.  S,  A- 

;wer.  Subway-         Structural 

IRON  CASTINGS 


Wheeling  Mold  and  Foundry  Conip'y. 


WHEELINOh   W.  Va. 

Ksti mates  furnished  promptly. 


Bourbon  Gepper&BrassWorks 

I'i[unnfut:ttTr'c:rj*  of 

Fire  Hydra,nts,  Stop  Valves 

And    Exltnsioii  Valve  Boxes. 

Water   Works   and    Mre    Department 

t^Tipplits. 

eia-630  East  Front  Street, 

CINCINNATI.         -         -         -         OWO 


t 


AU 


fire  and  mater. 


Qiii^  Weekly  Jodmal  exdn- 

y  tFrrfiteJ  tp  Fire  Ptoiicciiofi  and 

Supply  p^bSabeA  in  tfar  rnitfii 

m 

$3,00  Per  Year, 

SAMPLE    CL»PEEJ    OS     AFPLICATIOl 


ALMfS»» 


FTRE  AND  WATER, 


NEW   YOBlS.  C\TX, 


I 


BERT  METER 


ber  of  Water  Meters  Sold  to  February 

L     " 


UW9CS  Pif^  FOUSBRY  COMPAS)l 

Wmcr  xnd  €ims  Pipe, 
Pipe  mad  FHtiags, 
C^t  Iran  Soit  Pipe  and  fltiiniS^\[ 
Csst  iron  Sinks. 

LEAD  PIPE.    TL\  PIPE. 
TL\  USED  LEAD  PIPE. 
SOLDER,  aa 

Jobbers  of  fi^ drams,  Vahes,  teiil 
Jute*  Water  and  Gas  Works  Mm\ 
Contractors*  Supplies. 


vs/FJouoM-r    iRorsi    ripe. 

^c^neers\  Steam  and  Gas  Fitters:.  Plumbers 
ad  Tinners'  Good^  of  all  kinds,  large  stocks 
'  which  are  constantly  iii  &t<seV    -     ,     ,    ,     . 

te*fr!?g^nt.  AKRON  VlTRlFlEO^e.^'tU^1 


WORTHINGTO 

Steam  and  Electric      M 

PUMPING  ENGINE 

For  Water  Works* 
And  Sewage  Servia 

H  IGHEST  EFFICIEN- 


ALSO 


Pumping  MacMner 

Of  Every  Description.  ( 

Surface    and    Central    Condensing  Plants, 

WATER  METERS, 

for     Water   Works    and 
Special     Services, 

ILLUSTRATED  CATALOGUEl 
and    full    information   on  applicatici 


Henry  R.  Worth ingtofl 


i 


X  O  O  L  s 

FOR 

QOCi    RAVirsJG. 

Write  for  Cat&li>gue. 

J.  6.  POLLARD, 

141    RAY  MONO    ST., 


H     MODERN  PUMPING  MACHINERY. 

W Triplex   Power  Pumps, 

^     BOTH  SINGLE  AND   DOUBLE  ACTING. 

^^     Adapted  for  Water  Works,    Railway    Water  Supply. 
General  Service  in  Mines,  Factories,  Paper  Mill,  etc. 


FOURTEEN  TYPES,   EIGHTEEN  SIZES, 


GENERAL  SERVICE  TRIPLEX  PUMP-10  BY  W 


THE  DEHINQ  COMPANY, 


M ANCFAO  J  URHHS  OF 


.PUMPS  AND  HYDEiAUUC  HACHIN! 


I        HcnitJii  &  Hnbbell,  61-69  No.  Jefferaan  St.,  Chicago, 
r         W,  p,  DflUett.  4^  No.  Seventh  St„  Fhiladelpbra. 
Chas.  J.  JagCT  Co,,  1,74  B.\g\\  %t.,  T^qi\.^t3.. 

The  B  n  Ki  i  sb  ^n  p  ply  8t  B-tv^iTLc  e  q  ,,  Ifi.a.^ia.ijL'ft  ox^  ^  'sitti. 
I       H  ens  h  a  w ,  B  ulkUy  &  Co  o  ^ati  V  Ta.Tvc\^K>,  ^Bi^ 
I       Leiri  Booth  &  Son&,  1.ob  A^nKtVea-  Ca\. 
I      a  S.  Btirt  Co..  l^td.,  Mcvj  OTVcfcGB,  \.o^ 


SAhBn,  OHIO. 


GENERAL  AGENCIES. 


lb 


'smsTETC  =:: 


^...^iv 


"sailimc  ^ 


•  r  '' 


liiiii:  li 


djflffin  mvt  ^s., 


Boston,  mass. 


VALVES  AND  APPLIANCES 
FOR  SEWAGE  AND  WATER. 


The  Laidlaw=Dunn= 

t  Gordon  Company^ 

All 


Cincinnati,  Ohio,   U.  S.  A. 


AIR  AND   GAS  COMPRESSORS. 


c/3 


c/7 


O 


M 


DETROIT,  C^^M^^»^^^^  PHVVK^^V^y^- 


New  YOB^. 


TANK 


OF    EVERY    DESCRIPTION, 


SUBSTRUCTURES 

AM.    M/K^,  ANV     KLE\  AiKiN. 


PU  M  RS. 

'S.TK  AM ,     G  AS^    r»  A  SO  L  ]  X  E    ( >  R    W  I N  I>    I '( )  W  UK , 


» 


I' 


i7>  li:;  n:  t-'  ^x  ?sc  f.->  ?r4  t-r  .A  i  ^  i  ^  c  ^  xx^ 

LL  PUMPING  MACHINERY  AND 
WATER  SPECIALTIES 


inds  for  Government,  Mimicipal,  Rail- 
road»  Corporation  Sprinkler  Sys- 
temj4  or  Private  I'se. 


cial  BelL  Signal,  Observation  or  Light  Towers. 


Founders  of  Special  Cast  Pipes,  Valves, 
Joints,  Connections,  Tank  Fixtures  and 
Fittings.      Special  Prices  to  Contractors, 

CATALOGUES  OF  INTEREST  TO  ENGINEBRa 


I 


Wind    Engine   and   Pump  Co., 


Engineers,  /HanufacturerSi  Contractor's 

■ 


The  American  Well  Works, 

Est£ 

Deep  Well  W^    and  Manu- 

facturers of 


1 


Heavy  and  Light  Well  Sinking  and— 
Pumping  Machinery.  ■ 

AIR 

COnPRES- 

SORS 

FOR 

F.  TIS  Jettfnif.  F-   irjSTj  Atr  Compresisor 

^Air  Water  Lifts,  Oil  Well  Pumping, 
^Aeration  Purposes,  Shop  Power 
■  and  other  uses, 

^  Our  Air  Lift  Coalt^  Condeiis^kig  Water  2-  to  h"^, 
QA  SO  LINE    ENGINES. -^Special  Designs    fo« 
Deep  Well  Pumping. 


Fig.  too,— Air  Compreasor. 

!!;iRCULARS    FllF.R.  ESCVCLOPEI^I  A    MaURD    t  i;    Cv.^T'i 

The  American  >Ne\\  Hlo^V^ 

aJJas,  Tex.      Aurora,  IU„  VS.  S,  K,     ev\ca^^, 

^ _!! 


The  American  Pipe  M'Pg.  Co. 


WATER  WORKS. 

iio,  (  I  2  North  Broad  ttreet,  Philadelphia 


Eiiginrera  »nd  Contraclors  lor 


Manufscturers  of  Phipps'  Hydraulic  Pipe* 


L.  I  RICHARDSON; 

General  Cgntractofp  Owcgo,  N.  Y. 

Solicits  the  patronage  of  parties  who  are  d" 
sirous  of  placing  contracts  with  practicable  and 
responsible  firms  who  are  prepared  to  execute 
and  furnish  complete  any  project  placed  in 
their  hands  in  a  manner  equitable  to  all  cm 
cemed.     Water  Works  and  Sewers  a  Specialtr 

SISSON'S 
Estimating  Scale: 

Far  Making  Estimates  from  _ 

Profiles  of  Grading,    Masonry^    TrestUng, 
Bridginj{  Viaducts. 

No  Calculation  Re  qui  red, 

(VEST    POCKET    FORM.)    PRICE,    S»jfj 

to  Ingleside  Aveu\%e, 


OaX.v>tv=.Nf^ 


^A 


For  Siipplyifi|f  WitLcr  from 

Deep  Wells,  for  Ice  Plants,  Railroad  Watering 
Stations,  Draining  Mines  and  vShafta,  and  foaj 
fcvery  purpose  where  lar^e  quantities  of  wate 
1b  used  from  Deep  Wells. 

'    Out  apecioltj  Is  double  Actiag  Gcarerd  Piimpa^  to  tjc  driven  1 
&as  or  Ga^uHup  Ha^ne,  Klectrk  ^^oto^  or  Steam  Knf^iie* 

Doable  Direct  actinjg  Stciiin  Pnrnjii?  to  be  driTen  by  stea 
direct*  Wf?  gTiaraTit*:c  the  lligliest  EHideney,  Wc  hnild  oa^ 
pumps  with  a  view  to  Strtfii^h,  Dorabflity  anrt  Econmny  Ifl 
operating:.  CHiKiciticu  rMTiaring  Irnm  5tJ  to  7L)0  ^allonH^  p^ 
minntf.     For  further  in  form  ikti  on  address. 

THE    DOWNIE    PUMP  COHPANY*' 

DinvnievilleT  Pa.,  U.  S.   A. 


^_.  Water  Wells,  Oil  WdlH,  Gas  Wet  la,  Making  Sounding 
r  Bridge  Piers,  pros  pec  tin^f  for  Iron  Ore,  I^ead  and  Zinc,  arm 
at  ins  t'taeer  Gruntid.  riuried  Rivers  aorl  old  Luke  Beds.  Or 
.  rlllii«gr*ietp  test  holes  in  anv  formation-  grHVel,  boulders  and 
r<5Ck.  Drives  5  to  1 2  inch  pipe,  drill  hole*  that  size  in  rock  ttnd 
^Todtjcea  at  the  HujrfAcc  eTerrthin^  fonnd.  Can  be  used  on 
»oflt  tu  explore  river  beds  to  bed  rock-  Water  no  hindrance. 
[UriUs  water  all]  (1  «iil  wellfi  quickly,  cheaply  and  without  skilled 
^bor.  Each  +jntdt  compltte.  Made  for  any  depth  up  to  iSott 
f^et'  Set  up  in  mi  hour  and  oper;itcd  by  ordinarj  workman. 
JNf  ade  both  to  be  moved  with  horjses  and,  b-Iso,  sell  tnovHng:. 
Clnexcelled  for  lead  an6  liuc  testing.  Multitudes  in  use  in  the 
[Julted  StiitcH.  Mexico,  New  Zealand,  China,  Siberia  and  South 
l^merica. 

Keystone  Driller  Co.,    < 

?EAV'?:R  FALLS,  PA.,        -     -      -     ^•'^•^ 

as 


R.  D.  WOOD  &  CO 


h 


400  Chestnut  Street, 
Philadelphia,  Pa. 


MASrFACtTHEKS  OF 


Constructors  of  Gas  at 

f      Water  Works, 
I 
r 


Hydraulic  Cranes,   Presses,   Lifts,   Etc..     ' 
bines  and  Water  Power  Pxtmps,  Sugrar 
H^nise  Work,  Gas  Holders 
and  Gas  Machinerv- 


ALL  KINDS  AND  SIZES  OF  CAST 

PIPE. 


1 

ST-flH 


The  Taylor  Gas  pKiUJUcER. 

Engine  Gas  Flak 


Mathews'  Singj^e^ancl  Double- Valve  Fire  Hj 

L     rants,  Gate  valves,  VaU'e  Indicat 
- 


'lb 


ELEVATED  TANK 
SYSTEMS 

WatBf  ^upplij  and  Fire , 
protection. 

Woodtn  i>r  Step!  Tanks   tand  Towe 
Water  Works  System's  for  smflll  toy 

Private  and  Ptiblic  Ground**. 
C  o rrrct  dcaSjern^     BestofMaterialB^I 
Atlractirt  Appearance.  ' 

Cuitomercnn  erects 

Tills  illiastrtition  represwnta  ati  ont- 
fit  trrected  for  the  Diamond  Match  CO^^ 
Barbcrtown,  Ohio.  ^ 

We  have  had  25  years  expenenoe  %n 
this  work.  Send  for  illtiflst rated  cata- 
tjg  **CC  ",  eatiraateB  pinna,  references, 


W.  £.  Caldwell  Co., 

1900  Brook  St., 
Louisville,  KentuckyJ 


Fisher 
Governors 


FOR  STEAM  PUMPSj 


Send  for  C'lrcnlars, 


The  Fisher  Governor  Co., 


Lock  lioi, 
112. 


MARSH  ALl.TOWN, 

lOWl 


A.  L.  HOLHES, 


MASUFACIXTESK   OP 


lexible  Joints  for  Pipes 

1^  For  Carrying 

^ater,  Gas,  Oil,  Steam,  Compressed  Air,  Etc 

ItH         Contracts  taken   for  Submerged   Pipe  LayirtK. 

H  GRAND  RAPIDS,  UlCYi.. 

K —z 


I 


W,  H.  FRITCHMAN  iSt   CO., 

insulting,  Civil  aiid  Electrical  Engineel^ 

10  WALL  STREET,  NEW  YORK. 

Wt  ih.i  all   h-vofiv^  tHTtatnsn^  to  Wiiter  Wnrks^  Gus  atldf 
trtt'   Lii  rludiDjf  ttie  dcsii^n^  cottatroctioo,  ec* 

Htriicn'  letit  of  work, 

\\  '  :i  technical  or  busines}«  project*  whirh  in- 

plve  e]iiitiit:L.iLii^  vvorkofanv  tiatare. 

^       We  make  a  specially  of  inve^liKatmg  thevalntnf  plftnt* 
|4^  franchises,  and  act  a;^  referee h  and  arbitfiitors  m  Tiiiesti<BI  I 
rolvinK  such  inatters. 

We  render  alJ  service  confidentially. 


I 


NEW  YORK  COUPLING  AND  SUPPLY  CO., 

MANUFACTLkEnS   ANH   CONTRACTORS 

Fire  Department  and  Mill  Supplies, 

Fire  Extinguishers^  Fire  Apparatus, 
Fire  Hose,  Rubber  Goods. 

U.  S.  Navy  Standard  Hose  CoupHngs  and  Plav  Pipes,  Hd 

F<^tinderfi,  Finishers  ond  Miichinista. 

J-  J.   FINERTY,   Manager. 
r*L 334+1  j'j'in.         Works:  59  Ann  St-.  New  Y 


WILLIAM  R  CONRAD, 

iNSPECTiONS  AND       i^.^     «|^^,      r,_^^     ri. 
PHYSICAL  TESTS  IN    "00,    MBel,    BfaSS,   ClD. 

Specialty:    WATER   WORKS  SUPPLIES. 


Pipes,  Specials,  Valves,  Hj'drant?.* 
Pumpinj?  Machinery,  Ett. 


1004^  HIGH  ST., 


Burlington.  N^ 


JAMES  H.  WIGNALL, 

BOAT  BUILDER, 

Beach  and  Vienna  Kensingrton/ 

Streets Philadelphia^ 

Residence:     1110  East  Montgomery  Av«, 

Steam    and    Sailing    VaL\\ts>,    Gu-aTVL-ait,   9Viftv\'q\^  b.^^  ^ 
Boat^  of  al\  DefttiicAptvoT\-.  iSvi^^v  Vo  ^Tti^x     ¥.s.Xv^ 

7.% 


The 

Etheridge 
Well  Strainer 

OR 

Trap  for 
Pumping  Wells 

Checks  free  running  sand. 

Insures  water  delivery  without  sand  agitation. 

Maintains  full  suction  head. 

Prevents  clogged  openings,  cut-off  supply^ 
ruined  or  sand  cut  valves,  abandon^ 
ed  wells. 

increases  delivery  from  any  '^gang""  or  sys-. 
tern  of  wells.     It  is 

<;heap.  durable.  perfect. 

And  giving  perfect  satisfaction 
in  every  place  where  in  use  .  . 


ZFor  descriptive  Information,  Testimonials,  Circulars,  Prices^ 
Etc.,  address 

H,  ETHERlOaE, 

MjcJCeesport, 


WESTERN  WHEELED  SCRAPER  CO., 


.A.X_JI^OE«j^.  It^I^. 


MAXFFACTL'RERS   OF    .VLL    KINtiS  OF 

EA1(TH  Hi\flDLipll5  MJ\[l[IlpEI(V. 

Write  for  large  descriptive 
catalogues  and  prices  ,  .  . 

NOT  HOW  CHEAP,  BUT  HOW  0000. 

Western  Wheeled  Scrapers, 
Western  Drag  Scrapers, 

Western  Elevating  Scrapers, 

Western  Road  Machines, 

"Western  Dump  Cars, 

Western  Railroad  Plows, 
Western  Dump  Wagons, 
Western  Rock  Crushers, 

Dump  Carts,    Barrows,   EttJ 


^ 
^ 


A  re  Vou  Interested 
DYNAMITE? 

The  Ideal  High  Explosives  are  Nitrt 
ersi,  pateniL'd  July  t6th,  1S95,  became  they 
are  safer  to  handle  as  they  contain  unly  half 
the  quantity  of  Nitro  Glycerine  that  <>the: 
uiukes  do*  We  guarantee  tliey  will  ntit  tri.'e?c 
at  a  teniperatnre  above  35  degrees  Fahr  ,  whik 
II  others  do  below  45  degrees  Fahn  Tbey 
are  stronger  and  give  better  results  and  can  he 
kept  much  longer  without  deterioration.  They 
do  not  throw  off  over  half  as  much  Nitro  Glr- 
ceriiie  fuines  that  other  makes  do,  while  mt 
prices  are  no  higher  that  inferior  goods.  Send 
for  sample  order  and  be  convinced. 

The  Nitro  Po  wde  r  Co. 

KINGSTON,   N.   Y. 

BrnTJCh  Office:  7  ^nd  8  Jacobson  Bldg.j  DeiiYer*  CeU 


Established  1872-  Incorporalted  UB' 

Carpenter  Brothen 

DEALERS  IN 

Machine  CrushedTrap  RocL] 

PAUSADE  QVARRiBS. 

^^^K  Port  Lk,  K.  J. 

^^^^^^HP  Telephone,  No.  S,  Ft.  Lee. 

Kiew    York    Office,  132    Park  AveJ 


HIGH  EXPLOSIVES. 


J^epauno   Chemical  Co., 

97  Cedar  St.  New  York  City. 

GEN.  OFFICE,  WILMINGTON,  DEL. 
MANUfACTUKKHS    OF 

ALTAS  POWDER, 

JUDSON  POWDER 

and  REPAUNO  GELATINE, 

A  Special  Fumeicss  Pqw* 
der  for  Tunnel  Work. 

The  above  mentioned  are  the  most  power fui., 

MOST  RELIABLK,   and  SAFEST  KXPJjOSIVES     .       .       . 

ILASTINQ  SUPPLIES  OF  ALL  KINDS. 

fGHTNINQ  CALCULATOR. 

No  Toy— Simplest  and 
most  perfect  calcula- 
ting^ machine  made. 

INTRODUCTORY 
PRICE 


4 


$3.00 


kind  of  a  macnme  for  which  you  would  expect  to 
pay  at  least  $io.  Money  Back  if  not  absolutely       m 
the  best  calculator  made  far  $3.00.  I 

II  Metal -Latest  Gun  Metal  Finish,    Canrvot  get  Out    ■ 
f  Order.    So  Simple  a  Child  can  Operate  it.    So  Ac- 
curate that  it  is  PERFECT.  So  Light  and  Portable  it 
will  go  into  your  Pocket, 
Does  your  Calculating  B&tt6f  and  Faster  than  ^nti  tan  do  it. 
^rtTid  Kaves  yun  timer  QnU  hta'm  irttJKtt^^^     Gives  yoo  Hsaiaronce  of 
tjiat  flhsolute  accuracy  vvbich  only  a  pcrfct-t  mac^hiiie'  can  give. 

_   RH.-^U  THIS-Omce   Pensylvania  Kaiirond  Co..   New    York 
*^ity,  Jane^O,  1900.     The  Book- Keeper  Publialiiag  Co.,  Ltd. 

Gentleraet3:— The    calctiiator    received    yesterday    and     am 
t'reatlv  pleased  with  tht  re  stilts  of  the  little  wonder.    Yon  wlH 

w^&r  from  me  agalti  in  the  neor  future. 
_  Ycjurii  trtily,  JOHN  B.  PosT^ 

(^rite  to-daj  &tid  take  advantage  of  the  S3  price,    AdENTg  w*nteb. 


THE    BOO«-KEEPER   PUBLlSMlNCCONlfikH't  .,An^,, 
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^  fhe  BUckensderfer  is  tub 
Writing  Machine. 

-^  Ffrr  Ali'Around    W^orJt. 

Bulk  on  Scientific  Principles. 


t  ? 


No  7 .',  .  ,    50.00 


Write  for  Catatog-ue   Descriptive*     ' 
The  BUckensderfer  Mfg.  Co.f 

Stamford,  Conn.^  U~  S.  A, 


t25'BR0ADWAV,  New  York:. 

148  La  Sai.i.£  Stiegl^^^  Cw\ckqk^. 
3S 


i 


LL      .  cu^.    ;_  to  % 
3  3    d^    e       f 


the  wefugo  company, 
^  Engineers  and  Chemists, 

Water  Softening  Plants  and  Filters. 
Smith  and  Augusta  Sts^    d»    CDSCINNATI,) 


t 


7/ie  Kinnear  Mfg.  Co. 


'MANUFACTURBES  OP  THB 

^^Kinttear  Patent 


STEEL    ROLLING  DOORS. 
SHUTTERS,    PARTiTIONS.i 

COLUMBUS,  onio,  U.  S.  k. 


UJCKEYE 

NOINE 

OMPANY, 

SALEM,    OHIO. 

BUILDERS  OF 

imple, 

Compound 
and  Triple 
Expansion 
Engines 

FOR  ALL  CLASSES  OF  WORK  IN 

LOW,  MEDIUM  AND 
HlOfi  SPEEDS  .... 


d  Powers  Ranging  from 
to  5000  Horses    .     .    . 

'ONOmiES  THE   HIQHEST  ATTAINABLE. 

I  APPl'Y  POR  CATALOGUES  AND   'BST\t4 KfBS. 


THE  OTIS  TUBULAR 


FEED  WATER  HEATER,!-' PURIFIER 

ifDlesf     _ 


-*iL£~     EI^MTST    I     rtffTLn 


Wltll  SufDleu 
Brasi    Tub 


HAMILTON-CORLISS. 


tigliest   Efficiency  and   Superior  Con- 
Btruction,      Made   in  all  Sizes 
from  30  to  3000  H.  P. 


plose  Regulation  and  Best  Attain aH 
Econoni}^  of  Fuel  and  Steam. 


f Correspondence   Solicited.      Call 
Catalogue. 


fHE  HOOVeN,  OWENS  &  RENTSCHLER  00., 
Hamilton,  Ohio,  U.  S,  A. 
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,n?  miDE. 


SAVEFKL 


na>  neen 


GREEN'S 


3flvfii^  lo  ta  3B  \   in-  Fad. 


Easily  applieii  f  j  ixnj  r— e   :f  Ixdler. 


l':»ed  >UL-ce>stully  in  s^jrne  o:  the  Largest 


JOHN  A.  MEAD  MFG.  CO, 

oal  Handling  MacKinery, 

11  BROADWAY,  NEW  YORK  CITY.  I 


r 

Pjonveyors,    Automatic    Buckets,    Cable    Rail- 
|b        ways,  Automatic  Railways,   Cars, 
H  Switches,   Track^ 

'        Wk  havk  Instalukd  thh 


icCaslin  Overlapping  Gravity  Bucket  Conveyor, 

In  the  power  houses  of  nearly  all  the 
larger  electric  railway  and  light  Com- 
panies, including  the  Metropolitan  St. 
Railway  Co.  ^  New  York;  Manhattan 
Elevated,  New  York  and  the  Railway 
companies  of  St.  Louis,  Cincinnati, 
Milwaukee,    Pittsburg,    Chicago,    etc. 


I 


i 


'aterbury  Rope  Company, 

MAKEHS  OF  ALL  KINDS  OF 

WIRE  ROPE, 

ALSO  MANILA,   SISAL,   RUSSIA  AND 

AMERICAN  CORDAGE  AND 

BINDER    TWINE. 


Office:  69  SOUTH  ST.,  NEW  YORK. 


Factories:  BROOKLYN. 

4^ 


ERQUIST'S  F=»AT-E:NT 

SUSPENSION 


SIT      1 


GOAL 
BUNKER 

Stores  any  Granu* 

1  a  r  Material 

in  Bulk. 


me  Curved  Sbapt- 

^    ^  Saves 

Cross  bection, 

50  TO  82  PER  CENT.  OF  FIRST  COS! 

Of  any  Other  Metallic  Bunker. 
SUCCESSFULLY   IN    USE- 

,  Write  for  Catalofftte, 

108  WILSON  STREET,  BROOKLYN,  New  Yoj 

JOHN   ACTON, 

Mantifacttirer  of  Reducing:  Valves,  Back   Pressure  VrJt«,  be- 
lief ValvFs  for  CondfcisitiK   Enelnf?s»  KeiJfiverp  for  Ke- 
ttiraing  Condensation  to  Boilers,  Filters  for  Re-       ■ 
mOTing  Sediment  from  Feed  Water,  Damp- 
er  Rej^ulntors,    Pump   Govern orft» 
Steam  and  Water  beparators, 
Boftardnii  and  Centrifugal  Mills  Grind  Anything. 

1  it  JOHN  STREET,  ^         BROOKLYN,  N.  Y.  | 


CORYELL  CONSTRUCTION  CO., 

P  GENERAL  CONTRACTORS, 

Brick  Paving  an4  Sewer  Work,  Williamsport,  Vh]^ 

Some  of  tlie  street*  paved  by  us  ean  be  s«en  at  Colata* 

buSp  O..  Duvton,  O.,  Williara^port,  Pa*,  Bastoti,PA'* 

Brodfordi  Pn.,  Corry.  Pa,.  Hfticlton,  Pa„    Hoi^ 

nensviUc.  ^.  \ .,  OVi^iLn.  N.  Y.,  Ithaca,  N.Y. 

Sh  am  oMn^  V  eu ,  Yot\.i;lc>*^-Ek^  V  a. 


k^  bus, 

L 


4-2 


South  Norwalk,  Conn. 


ag  too  Larj^e, 


HolA^n^  ^o^  ^tftiiS^.^ 


>uj: 


Germs  of  Disease,  Vegetable  and  [Animal  Or 
gfanisms  with  all  Taste^  Odor  and  Tur- 
bidity removed  from 


RiDglR  METHOD 


RNA^ARD    RILXRTION, 

EDIIVIENXAXIOfSI  AIVD  AERAXION. 

Ten  Years  Success ;  Cost  per  Million  Gal- 
lons  including  Interest   on    Investment 

Fi^o  Ice  Removal,  No  Scraping  of  Filter-Eed, 
Self- Cleaning,  Automatic, 


d 


•I 


IDER   HOUSEHOLD 
FILTER  AND  AERAXOR 


IN  GLASS. 
OPERATION  IN  SIGHT. 


SELF-CLEANING. 

AUTOMATIC 


99  per  cent  constant  removal  of 
all  objectionable  matter^  taste  and 
odor  guaranteed  ..*.,....... 

^5.00     AfSJO     URV^ARO. 

mm 

•  Circulars  and  Descriptiv*  Information  Address, 

JIDER  FILTER  AND  AERATOR  COMPANY, 

SOUTH   NORWfrH^.COHH- 
4S 


Wm.  B,  Rider,  C.  E 

[Late  member  CotitiK  Btate  Board  of  Engineen,] 

•:  ^anitBi^g  ^i  H^dpaulic  ^pBciali^t,  :< 

Exaratnations,    Reports,    Plans,   Esti- 
mates and  Specifications  for 

"WATER  WORKSp 

WATER  POWER, 
H  WATER  PURIFICATION, 

^^m  SEWERS, 

^^^^^  SEWAGE  DISPOSAL, 

^^^^P  PAVEMENTS. 

^CONSTRUCTION  SUPERINTENDED. 

REFERENCES  FURNISHED 

40  Systems  of  Water  Works- 
16  Systems  of  Sewers. 

15  Systems  of  Water  Purifioatioo^ 

193  Dams  and  many  other  works  and  Struc-^ 
tures  desigfned  and  constructed  under 
my  direct  or  indirect  supervis- 
ion   are    in    successful  oper- 
tion  or   use,  not   one   of 
which  cost  more  than 
the  preliminary 
estimate* 

ADDRESS  : 

A,6 


f  ''Little  Engineer" 

Will  be  forwarded  postpaid 
on  receipt  of  price,  $3.00, 
by  the  author, 

JOSEPH     H.     RIDER, 

.    .     AT    .     . 

alk,  Conn.  \  Remittances 

New  York,  Room  706.      [■  made  payable  to 
Huildinv^,   Phila.,Pa.  )  Joskimi  H.  Ridkr. 

_^al.,  (Remittances  made  payable  to  \V.  L. 

(icneral  Sellmj^  and  Distributing  Ajjents, 

RE  AND  WATER, 

Nassau  and  Fulton  Sts, 

New  York. 

s  made  payable  to   Shepperd  &-  Hurfiham. 

)n  is  Niun bored  uml  Limited    No  notice  will  be 
nil  orders  not  ucooniimnied  by  remittance. 

INCORPORATED   1887. 

?  Flush  Tank  Co., 

AURORA,  ILL. 

MANUFACTURERS  OK 

fi    Goods    for  Plumbers 
t  Contractors    .... 

Makers  of  Rhodes-Williams,  Yeteve  and 
d-Warinjf    Automatic   Siphons  and 
Peerless  Curb  Boxes. 


,  New  York  Coniinentat 

%  — ~ 

IRAVlTYand  PRESSURE  FILTEl 

Constructed  under  the  Jewell, 
Warren,  Hyatt  and  other  Pat- 
ents. The  Standard  of  Me- 
chanical Filtration* 


Patents  Sustained  by  the  Highest  Court i 


In  use  in  152  Cities  and  Towns,  aggregadnf 
^^L        25,3  MLllion  Gallons  Daily  Capacity. 

Illustrated    Catalogue    and    Full    InfoTmati*:>fl 
^K  Upon  Application, 

Mills  Byilding,  No.  15  Broad  Street/ 

^b  *    NEW  YORK. 

^ew^  York  Continental 

L  Jewell  Filtration  Co.] 

40-42  West  Qaincy  Street^ 
4^ 


AUG  18  1950 


